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Abstract
The high Antarctic plateau provides exceptional conditions for conducting infrared observations of the
cosmos on account of the cold, dry and stable atmosphere above the ice surface. This paper describes the
scientific goals behind the first program to examine the time-varying universe in the infrared from Antarctica
– the Kunlun Infrared Sky Survey (KISS). This will employ a small (50 cm aperture) telescope to monitor
the southern skies in the 2.4µm Kdark window from China’s Kunlun station at Dome A, on the summit of the
Antarctic plateau, through the uninterrupted 4-month period of winter darkness. An earlier paper discussed
optimisation of the Kdark filter for the best sensitivity (Li et al. 2016). This paper examines the scientific
program for KISS. We calculate the sensitivity of the camera for the extrema of observing conditions that
will be encountered. We present the parameters for sample surveys that could then be carried out for a
range of cadences and sensitivities. We then discuss several science programs that could be conducted with
these capabilities, involving star formation, brown dwarfs and hot Jupiters, exoplanets around M dwarfs,
the terminal phases of stellar evolution, discovering fast transients as part of multi-wavelength campaigns,
embedded supernova searches, reverberation mapping of active galactic nuclei, gamma ray bursts and the
detection of the cosmic infrared background.
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1 INTRODUCTION

The Kunlun Infrared Sky Survey (KISS) will be con-
ducted from China’s Kunlun station at Dome A, at the
summit of the Antarctic plateau. The survey will be
undertaken in the K–dark passband at 2.4µm, a unique
low background window in the infrared. It will be con-
ducted with the third of the AST–3 telescopes (Antarc-
tic Survey Telescope) deployed at Dome A (Cui et al.
2008). The first two telescopes were designed for opti-
cal surveys. The third will conduct the first deep, wide-
field survey in this band, as well as be pathfinder for a
future large Antarctic optical/IR telescope at the site
(KDUST). This paper discusses the science objectives
for the infrared surveys that will be conducted with
KISS.

Sky surveys are an essential prerequisite to astro-
physics. To understand the physics of the Universe, you
need to know what is there. That is why, for example,
the UK Schmidt telescope was built at Australia’s na-
tional Siding Spring Observatory, ahead of the Anglo
Australian Telescope in the 1970s (Lovell 1985). KISS
will complementary to the ANU’s SkyMapper telescope
(Keller et al. 2007) in that it is infrared and comple-
mentary to NASA’s 2MASS survey (Skrutskie et al.
2006) in that it is time sensitive. The facility uniquely
provides complete southern hemisphere sky coverage in
the infrared with surveys with cadences that may range
from hourly to monthly. The AST3–NIR project is a
precursor for a KDUST IR camera (Mould 2013; Zhu
et al. 2014). Just as KISS complements SkyMapper,
KDUST will complement the optical Large Synoptic
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Survey Telescope (LSST), the top ranked ground based
facility in the U.S. Astro2010 decadal plan1.

KISS exploits three particular advantages that the
Antarctic plateau has for astronomical observations
over other ground-based locations:

• The low sky background at 2.4µm, two orders of
magnitude lower than at the best temperate sites
(Ashley et al. 1996; Nguyen et al. 1996).

• The high photometric precision achievable due to
low scintillation and the exceptional seeing above
narrow surface boundary layer (Lawrence et al.
2004; Kenyon et al. 2006; Bonner et al. 2010).

• The high time cadence that can be achieved
through the 4-month darkness of a winter night
(Wang et al. 2015; Huang et al. 2015).

2.4µm is the longest wavelength that truly deep imag-
ing can be undertaken from the Earth. It marks the
outer limit for optical astronomy, beyond which ther-
mal background fluxes dominate observations.

In this paper we describe the KISS instrument in §2,
calculate its sensitivity in §3 and describe its operation
and automated data reduction pipeline in §4. We then
discuss the survey capabilities in §5, before outlining a
range of science programs in §6 that will be undertaken.
These include exoplanet and brown dwarf searches,
studies of the accretion process during star formation,
of the terminal phases of stellar evolution and investi-
gations of fast transients across multi-wavelengths. We
also discuss searches for buried SN, reverberation map-
ping of AGN nuclei and the measurement of the cosmic
infrared background.

2 THE INSTRUMENT

The Antarctic Survey Telescope–AST3 was originally
designed to have three optical telescopes matched re-
spectively with G, R and I band filters, and used prin-
cipally in searches for supernovae and exosolar planets
undertaken from Dome A. Each of the three AST3 tele-
scopes is a modified Schmidt type optical telescope with
an entrance pupil diameter of 500 mm, an f -ratio of 3.7
and a field of view of 4.1◦. They consist of a transpar-
ent aspherical plate as the entrance pupil, an aspheri-
cal primary mirror with a diameter of 680 mm, and a
spherical refractive corrector with a filter before the fo-
cal plane (Yuan & Su 2012). The first two telescopes
were installed at Dome A in January 2012 and 2015,
respectively (Yuan et al. 2014; Li et al. 2015).

Due to the great advantages of Dome A for near–
IR observations, the third AST3 telescope (AST3–NIR
≡ KISS) has been re-optimized for diffraction limited
imaging in the K band, based on the same entrance

1See http://sites.nationalacademies.org/bpa/bpa 049810.

pupil and primary mirror as that of the first two AST3
telescopes, since they have already been manufactured
at the NIAOT. This results in a primary mirror which
is oversized for the entrance pupil for the camera. There
will be a single filter centred at λ = 2.375µm with band-
width ∆λ = 0.25µm; i.e. Kdark (Li et al. 2016). The
KISS camera is located outside the main optical tube
by adding in a fold mirror. The telescope is being built
at the NIAOT and the infrared camera at the AAO.

The telescope and camera specifications are listed in
Table 1.

3 SENSITIVITY

Since sky backgrounds in the 2.4µm Kdark band at
Dome A are much lower than from any temperate
sites on the Earth, this gives the AST3–3 telescope
a significant sensitivity advantage over similarly sized-
telescopes located elsewhere. This advantage is partic-
ularly striking when also considering the telescope’s
highly stable, near diffraction-limited performance over
a wide field of view, although the IR camera is still op-
erated in a seeing limited mode.

For point source observations, the sensitivity of the
instrument can be presented as the integration time re-
quired to achieve a particular signal to noise ratio for
a given observed object magnitude, spread over several
pixels. For extended source observations, we calculate
the sensitivity per pixel and then convert to per square
arcsecond.

To calculate the signal to noise ratio for the instru-
ment, a simplified model for the background noise on
the detector has been adopted. We assume that the fi-
nal image frame from detector is processed with accu-
rate calibration using appropriate flat and dark frames.
The following noise sources (all assumed Poisson dis-
tributed) are considered to contribute to the signal-to-
noise calculation:

• photon noise on the signal (S, measured in e/s)
from the object,

• photon noise on the background flux (B, measured
in e/s/pix) from the sky,

• photon noise on the thermal self emission (TSE,
measured in in e/s/pix) from the telescope and IR
camera,

• read-out noise R of the detector (measured in
e/pix), and

• shot noise on the dark current (ID, measured in
e/s/pix).

The signal to noise ratio can found from equation 1,
which is adapted from McCaughrean & McLean (Mc-
Caughrean 1987; McLean 2008):
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Table 1 Specifications for the AST3 Telescope and the KISS IR Camera.

Parameter Value Comment
Diameter of Primary, Dprimary 68 cm Set by the AST3 optical telescopes design
Entrance Window Pupil Diameter, D 50 cm Set by the KISS camera
Focal Ratio, f 5.36
Array Size 2048× 2048 Teledyne Array
Well Depth 80,000 e
Pixel Size 18µm
Pixel Scale, θpixel 1.35′′ From focal length
Tolerance of Optics 0.68′′

Diffraction Size 1.2′′ For pupil size
Seeing 0.5′′, 1.0′′& 2.5′′ Excellent, average & poor conditions
Image Quality 1.5′′, 1.7′′& 2.9′′ Diffraction + Seeing + Tolerance combined

1.1, 1.2 & 2.1× Diffraction
Camera Field of View 46′ × 46′

Central Wavelength, λ 2.375µm Kdark

Bandwidth, ∆λ 0.25µm
Filter Response, Tfilter 0.95
Optical Efficiency of Telescope, τtel 0.66
Optical Efficiency of Camera, τcam 0.8
Quantum Efficiency of Detector, η 0.8
Dark Current, ID < 1 e/s/pix
Read-out Noise, R < 3 e/pix, < 18 e/pix Fowler, CDS read-out
Minimum Integration Time, tmin 2 s

S

N
=

S
√
n0 t√

S + npixel (B + TSE + ID +R2/t)
. (1)

Here t is the integration time per exposure and n0
the number of exposures (and is usually just one).
npixel is the number of pixels sampling the stellar im-

age and can be estimated following Eqns. 2–4 of Li et
al. (Li et al. 2016) involving the pixel size, θpixel and
the full width at half maximum intensity of the point
spread function (PSF), θFWHM . This latter quantity is
dictated by the assumed seeing (which will typically be
∼ 1.0′′ but may be as good as∼ 0.5′′ (Burton 2010; Li et
al. 2016)), the diffraction limit (1.2′′) and the tolerance
of the optics (0.7′′). Note that the last two quantities
are defined by the optical design of the KISS camera.
θpixel is the pixel scale of the system (1.4′′). We also
round npixel to the nearest integer. Hence, in the cal-
culations presented here we have taken npixel as 9 (i.e.
3× 3 pixels) when the seeing is 0.5′′ and 25 when the
seeing is 2.5′′.

For extended emission, we set npixel = 2 (so as to
include 1 sky pixel for each source pixel), and then add
2.5 log(θ2pixel) to derive sensitivities in magnitudes per
square arcsecond.

When the telescope is operating operated in sky-
background limit conditions, as it would ideally be, then
the S/N is given by:

S

N
= S

√
n0 t

npixelB
. (2)

Conversely, for short exposures it may be readout
noise limited, when the S/N would be:

S

N
=
S t

R

√
n0

npixel
. (3)

For the parameters of the KISS camera this provides
the dominant noise source for integrations of less than
4 s in duration.

The number of photons collected from an object of
apparent magnitude of m, transmitted through the at-
mosphere with transmission of TSky(λ), by a telescope
of area Atel, in a wavelength range ∆λ centred at λ with
filter response of Tfilter(λ), passing through an optical
system of efficiency τ(λ), and measured by a detector
with quantum efficiency of η(λ), are then determined.

The details of this calculation can be found in our re-
cently published paper (Li et al. 2016). It is obvious that
the sensitivity of the IR camera is related to the spectral
properties in all parts in the optical path. When a sys-
tem is designed, normally the spectrum of the sky trans-
mission, the sky emission and the quantum efficiency
of the CCD detector is defined. The filter performance
also contributes to the final sensitivity. This optimiza-
tion has been discussed in our previous work in consid-
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ering the telescope thermal self emission. An exposure
time calculator has been developed and can be accessed
through the following link: http://newt.phys.unsw.

edu.au/~mcba/ETC_WebModel/TELESCOPE.html.
Figure 1 shows the KISS camera signal to noise ra-

tio (S/N) vs. Kdark magnitude in a 60 s exposure time
for two different ambient temperature and seeing condi-
tions, assuming a sky background of 16.9 mag in Kdark

(i.e. about 100µmJy/arcsec2 (Ashley et al. 1996)). The
two conditions shown here represent the best and worst
expected for the site.

It can be seen that when the ambient temperature
is 200 K with 0.5′′ seeing (corresponding to excellent
winter-time conditions), the S/N is considerably bet-
ter than when operated on poorer winter days (e.g. a
warmer 240 K and poor seeing of 2.5′′). The difference
between these two extreme conditions is ∼ 1.5 magni-
tudes in sensitivity for the same S/N.

The Figure also shows the S/N when the integra-
tion uses 30× 2s frames, instead of a single 60s frame.
This would be the case if saturation of bright stars
is to be minimised in a program. This then increases
the dynamic range between the brightest and faintest
stars that could be measured simultaneously. It does, of
course, lead to a decrease in the S/N as measurements
will no longer be background limited. As can be seen in
Fig. 1, the sensitivity loss is ∼ 0.4− 1.0 mags for fainter
stars (dependent on the conditions), but negligible for
bright stars.

The S/N for an extended source in a single 60 s ex-
posure is also shown in Fig. 1 vs. the brightness (now
in magnitudes per square arcsecond), for the same two
ambient temperatures (200 K & 240 K). The sensitivity
difference in this case is about 1 mag. for the same S/N.

In general, nine jittered observations will be needed
to remove stars to derive sky and flat field frames for
each source position, so that the sensitivity achieved
would be 3 times better than shown in Fig. 1 for a
targeted observation of a field, albeit for a 9 times longer
observation time.

Figure 2 shows the maximum exposure time possi-
ble before saturating the array vs. object magnitude,
for a range of different seeing and temperature condi-
tions. This time has been taken as that for half-filling
the wells in the detector, so as to avoid any non-linearity
issues that may arise from nearly-filled wells. Saturation
times are, of course, longer for bright stars in poor see-
ing as the stellar photons are spread over more pixels
on the detector. For faint stars, i.e. Kdark & 14 mags.,
the background flux from telescope and sky determines
the maximum integration time. This can exceed 1,000 s
in the coldest conditions, about 6 times longer than in
the poorest conditions.

The brightest star that can be measured depends on
how quickly the array can be read out, in order to avoid
saturation. For a 2 s read-out time, this equate to mag-

nitudes of 7.0 and 5.9 for seeing conditions of 0.5′′ and
2.5′′, respectively, as can be read off the curves in Fig. 2.
This upper limit is about 4 magnitudes brighter than
for a 60 s exposure time.

Figure 3 shows the sensitivity vs exposure time for
long integrations for the two extrema of weather condi-
tions encountered at Dome A. Here we consider long ex-
posures to be comprised of many frames of 60 s integra-
tion time; if 30× 2 s were used then sensitivities would
decrease by 0.4–1.0 mags, as shown in Fig. 1. Typical
point source 1σ sensitivities in 1 min, 1 hour and 1 day
are 19.1, 21.4 & 23.1 magnitudes in good conditions
and 17.7, 19.9 & 21.6 in poor conditions, as listed in
Table 2. The corresponding limits for extended sources
are 20.6, 22.8 & 24.5 magnitudes per square arcsecond
in the coldest conditions (i.e. 200 K) and 19.7, 21.9 &
23.7 magnitudes per square arcsecond in the warmest
(i.e. 240 K). The optimal performance is achieved when
the telescope is limited by the sky background, with the
sensitivity given by eqn. 2, as shown by the dashed lines
in Fig. 3. As is apparent from the Figure, in the best
conditions KISS should perform within 0.1 mags. of this
limit.

Table 2 provides a summary of these model calcula-
tions for the camera performance under the two weather
extrema.

4 OPERATIONS

4.1 Remote Operation, Power and
Communications in Antarctica

In common with the optical AST3 telescopes, KISS will
be at Kunlun Station at Dome A, which is only manned
for a few weeks over summer. For the remainder of
the year, KISS will be operated entirely remotely, with
no possibility of on-site human intervention to correct
any problems that may arise. Success therefore requires
careful attention to reliability issues and redundancy of
key components in a similar manner to a space mission.

The provision of power, a warm environment and
satellite communications is provided by the PLATO
(PLATeau Observatory) infrastructure that has oper-
ated reliably for over a decade in Antarctica (Lawrence
et al. 2009; Yang et al. 2009). PLATO currently pro-
vides 1 kW of continuous power for a year from a com-
bination of photovoltaic panels and diesel engines, but
will need augmenting to supply the additional power re-
quirements of the KISS instrument and telescope. Wind
power is also a possibility, although Dome A is about
the least windy place on earth (Hu et al. 2014).

Satellite communications for Dome A is through the
Iridium network, using two OpenPort modules—for re-
dundancy, only one is used at a time—that provide
128 kbps of bandwidth. Iridium modems, with 2,400 bps
bandwidth, are used as a backup means of communica-
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Figure 1. Signal to Noise vs. Kdark magnitude achieved for a point source in two different seeing and ambient temperature conditions
(solid lines for 0.5′′, 200 K and dashed lines for 2.5′′, 240 K), as listed in the legend. Red lines are for a single 60s exposure (i.e. in

background limited operation), black lines are for 30× 2 s exposures (i.e. when minimising saturation from bright stars). The S/N for

extended source emission is shown with the blue lines (solid for 200 K and dashed for 240 K), though note that the flux units are now
in magnitudes per square arcsecond. The two horizontal dotted lines give the threshold for a S/N of 1 and 3, respectively.

Table 2 Sensitivity for point source observations with KISS.

Parameter Seeing 0.5” Seeing 2.5” Units
T=200K T=240K

Sky background 16.9 16.9 mags/arcsec2

100 100 µJy/arcsec2

Half-well fill time 1,380 229 s
1σ sensitivity 30× 2s 18.2 17.3 mags.
1σ sensitivity 1× 60s 19.1 17.7 mags.
1σ sensitivity in half-well fill time 20.8 18.4 mags.
1σ sensitivity 1 hour 21.4 19.9 mags.
1σ sensitivity 1 day 23.1 21.6 mags.
Saturation limit in 2s 7.0 5.9 mags.
Saturation limit in 60s 10.7 9.9 mags.

Performance figures are calculated for a Teledyne chip with specifications as listed in Table 1. Magnitudes are given
in the Vega-system.

PASA (2016)
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Figure 2. Maximum exposure time for a frame before saturation of the array occurs vs. magnitude of point source. Four different
combinations of seeing and ambient temperature conditions are shown [0.5′′ (black) or 2.5′′ (red) seeing; 200 K (solid) or 240 K (dashed)

temperature], as indicated in the legend. In addition, the saturation time for an extended source is shown in blue (with flux now in

magnitudes per square arcsecond), for the same two background temperatures. The three solid curves for the (cold) 200 K temperature
asymptote to the same (long) fill time of 1,400 s, while the three dashed curves for 240 K saturate in about one-sixth this time. Note

that saturation is considered here as half-filling the wells in the detector.

tion for command and control. The amount of data that
can be transferred from Dome A is limited by our bud-
get, and is of the order of 100–200 MB per month. This
amount is small enough that we must process the data
on-site, and only transmit back highly reduced data,
thumbnails of images, and small portions of images
at full resolution. An interesting option for the future
would be a store-and-forward system based on a Cube-
Sat satellite, which could increase the data transfer by
a factor of 1,000, although it would require a tracking
antenna that considerably increases the difficulty. For
now, the raw data is stored on site and retrieved from
Antarctica on disk drives during the annual traverses.
We use hermetically-sealed helium-filled disk drives for
reliability at the high altitudes at Dome A. Solid state
disk drives are also an option, although we have expe-
rienced complete data loss if a drive is written to when
it is too cold.

The remote operation of KISS has implications for
the cryostat design, in that unless we provide a remotely
operated vacuum pump, the cryostat needs to maintain
a good vacuum in the event of interruption of power to

the detector cooler. If the vacuum is not good enough,
it may not be possible to cool the detector down again
if it is allowed to warm up. We have four years of suc-
cessful experience with operating cryostats and closed-
cycle coolers at Ridge A, 150 km from Dome A, as part
of the HEAT/PLATO–R terahertz telescope (Burton et
al.(2015)); HEAT has recovered from a week-long power
interruption, and was able to cool down again to 50 K.

Perhaps surprisingly, over-heating can be a problem
for instruments at Dome A due to the low air pres-
sure, equivalent to an altitude of about 4,500 m. This
reduces the efficiency of air-cooling of electrical compo-
nents, and requires the de-rating of power supplies by a
factor of two. If electronic modules are allowed to cold-
soak down to the ambient wintertime low temperatures
of −80◦C, failures can occur, particularly of large en-
capsulated components where differential expansion is
a problem.

PASA (2016)
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Figure 3. 3σ (i.e. S/N=3) sensitivity in magnitudes for point sources vs. total exposure time in minutes, ranging from 1 minute to 2

days, in the two operating conditions considered (0.5′′, 200 K in black and 2.5′′, 240 K in blue). The corresponding dashed lines in the
same colours are the limits if the observations were sky background limited for these seeing values. For extended sources the flux unit

is in magnitudes per square arcsecond, and is shown for ambient temperatures of 200 K (red) and 240 K (green). Background limited
operation for extended sources is shown by the green-dashed line. The total exposure time is considered to be made up of individual

frames of 60 s duration.

4.2 Environmental Protection and Control

A crucial aspect for any Antarctic telescope is to avoid
ice formation or snow accumulation on any optical sur-
face. The tube, including the primary and secondary
mirror, will be sealed from the external environment
using a window placed above the secondary mirror and
a seal placed at the instrument flange. This enclosure
provides for protection from snow and ice accumulation
on the primary and secondary mirrors. An aggressive
desiccant will be installed within the telescope enclosure
to further prohibit ice formation on optical surfaces and
an internal heater will be installed as a back-up to sub-
limate ice in case it forms. To avoid ice formation on the
external surface of the telescope tube window, this op-
tic will be coated with an indium-tin-oxide (or similar)
layer that allows it to be heated. The telescope drive
motors, gears, and bearings will be protected from the
external air via a fabric tent covering the complete tele-
scope. These components are all designed to operate,
and have been tested, at the low temperatures experi-
enced on the high plateau location.

A few words on telescope control via scripts, schedule
files etc would be useful!

4.3 Automated Pipeline Reduction

The data reduction pipeline is based on that currently
operating for the first two (optical) AST3 telescopes
at Dome A. It comprises routines for image construc-
tion, astrometry and photometry. All images will be
reduced automatically directly following their observa-
tions on-site. As discussed in §4.1, the limited commu-
nication bandwidth precludes sending raw images back
from Antarctica for off-site processing. Raw data and
processed images need to be retrieved during the tra-
verse the following summer for any specialised treat-
ment required beyond the pipeline described below.

Considering the limited on-site computation ability
available, a basic image reduction will be performed for
a standard time domain survey. This includes a dark-
frame and bias/overscan subtraction and a flat-field cor-
rection. A master flat-field image will be constructed by
a combination of twilight images obtained early in the
season. A series of laboratory dark frames taken at var-

PASA (2016)
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ious temperatures and exposure times will be used to
model the corresponding dark frame for each science im-
age. Median filtering of sequential frames will be used
to determine sky frames for background subtraction.
Cleaned images will be passed to the photometry and
astrometry pipeline.

For a standard domain survey image, the “Sextrac-
tor” (Bertin & Arnouts 1996) package will be im-
plemented to generate a raw source catalogue. Then
the WCS information and zero-point magnitude will
be determined by the “SCAMP” (Bertin 2006) pack-
age, which matches the raw catalogue to the 2MASS
database. With this information, an astrometry and
photometry-calibrated catalogue can be generated by a
second run of Sextractor. Finally, the whole catalogue,
or a subset of pre-selected targets, will be sent back from
Antarctica during good network conditions. In the case
of poor network performance, light-curves of selected
targets of interest will be generated on site and sent
back for detailed de-trending and polishing. Addition-
ally, the offsets on RA and Dec generated by SCAMP
will be used to calibrate the tracking of the system. This
is crucial for achieving high tracking accuracy and high
photometric precision.

For the detection of transients additional sky tem-
plates need to be constructed for each target field dur-
ing the best photometric conditions. These templates
are cleaned and calibrated on both photometry and
astrometry systems. The resultant standard templates
are stored on-site. When better/deeper templates are
taken, the templates are updated. Before a transient
survey image is passed to the photometry pipeline, its
astrometry coordinates are calibrated by SCAMP and
the corresponding template subtracted by a software
package called “Hotpants” (Alard 2000). Any emerg-
ing/brightening source or moving object will trigger
an alarm and be passed to the photometry pipeline.
Detailed photometry and astrometry information will
be sent back and compared with the VizieR database.
Short light-curves (usually beginning with the date of
the latest template) of new and interesting sources will
be sent back for further study.

5 SURVEY PROGRAMS

In this section we take the sensitivities presented in
§3 and discuss possible surveys that could be under-
taken, in particular for exploring time variable phenom-
ena. There are approximately 4 months of darkness each
winter at Dome A, and this suggests a range of cadences
for such programs, ranging from hours to monthly. Nat-
urally, the more frequently a field is re-observed, the
greater the number of samples that will be obtained,
but the smaller the total area of sky that can be sur-
veyed. In addition, if high sensitivity is required then
the survey area will be further limited.

We consider here surveys for cadences ranging from 1
hour to 1 month, and with integration times of 1 minute,
9 minutes (i.e. 3× 3 frames) and 1 hour, as summarised
in Table 3. We have also assumed that each survey will
be conducted for approximately 10% of the available
observing time over the winter. In combination with
the camera field of view (taken as 46′ × 46′) and the
integration time per field, this then determine the total
areal coverage of a survey. The integration time also de-
termine the sensitivity. For example, if a daily cadence
is required a survey could cover 85 sq. deg. to a point
source sensitivity limit of 17.9 mags, but only 1.4 sq.
deg. if 1 hour exposures were used in order to reach
down to 20.2 mags. In both these cases ∼ 100 samples
would be expected over the course of a season.

Furthermore, if the intention is to increase dynamic
range across the field, or to include the brightest pos-
sible sources in a survey, then an integration time per
frame of 30× 2 s can be used, instead of 1× 60 s. This
raises the brightest source measurable from 10.7 to 7.0
magnitudes, but results in a decrease in the detection
limit of 1 mag.

6 SCIENCE

The science mission of KISS is the widest field survey of
the time varying Universe in the infrared. The VISTA
Variables in the Via Lactea (Minniti et al. 2010) sur-
vey has mapped a 560 deg2 area containing ∼ 3× 108

point sources with multi-epoch near-infrared photome-
try. Their surveyed area includes the Milky Way bulge
and an adjacent section of the mid plane. KISS will ven-
ture outside the Galactic plane and bulge with a wide
range of scientific objectives described below.

6.1 Star Formation

The motivation for studying star formation in the IR
from Antarctica with KISS stems from three principal
facets that improve the effectiveness of an observational
program:

• The unique environmental conditions on the sum-
mit of the Antarctic plateau greatly improves ca-
pability. The extreme cold results in low sky back-
grounds in the 2.4µm Kdark window, ∼ 100 times
better than from good temperate sites. Coupled
with the long winter night and stable atmosphere,
this facilitates sensitive, high cadence observations
with precision photometry. In turn, this allows
comprehensive searches for variability and tran-
sient phenomena to be undertaken over extensive
areas of obscured regions.

• A small telescope with a large-array has a wide
field of view. Young star clusters are typically
spread over tens of arcminutes of the sky, so this
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Table 3 Parameters for Sample Survey Programs

Cadence Samples Integration Camera Area Covered 3σ Sensitivity
per Winter Time (s) Fields Sq. Degrees Magnitudes

1 hour 2,000 1 minute 6 3.5 16.5 - 17.9
1 day 100 1 minute 144 85 16.5 - 17.9
1 week 12 1 minute 1,008 600 16.5 - 17.9
1 month 4 1 minute 4,320 2,600 16.5 - 17.9
1 day 100 9 minutes 16 9 17.5 - 19.0
1 week 12 9 minutes 112 66 17.5 - 19.0
1 month 4 9 minutes 480 280 17.5 - 19.0
1 day 100 1 hour 2.4 1.4 18.7 - 20.2
1 week 12 1 hour 17 10 18.7 - 20.2
1 month 4 1 hour 72 43 18.7 - 20.2

Cadence is the time between return visits to each field. Camera Fields is the number of fields that would be
surveyed in one winter season, with the corresponding areal coverage listed given the camera FOV. The range in
3σ sensitivity reflects the extrema in observing conditions at Dome A, as discussed in §3. Each survey is assumed
to use 10% of the available observing time over the Antarctic winter. An integration time of 1× 60 s per frame is
taken. Sensitivities if 30× 2 s were taken instead would be reduced by 0.4–1.0 mags.

allows for them to be efficiently studied. In partic-
ular, there are many clusters in the Galactic Plane
that can be selected to well fit into a single point-
ing of the telescope.

• Extinction is one-tenth that of the optical at
2.4µm, hence providing the ability to peer inside
obscured molecular clouds where star formation
takes place. At shorter wavelengths, the interiors
of star forming clouds remain hidden from view.

Kdark is the longest wavelength for which high spa-
tial resolution, high sensitive observations can be un-
dertaken from a ground-based site. KISS thus opens a
new regime for the time exploration of stellar variability
associated with star formation in the infrared.

We now discuss some illustrative science programs
that could be tackled with such a capability:

6.1.1 Dynamics in Star Forming Cores

Dynamical interactions and the decay of non-
hierarchical multiple systems in the cores of star form-
ing clusters might be found. Such events may often be
accompanied by stellar ejections, together with the for-
mation of a tight binary, as suggested by the ∼ 30% of
O stars that are runaways and the higher binary frac-
tion in massive than in low mass systems (Gies & Bolton
1986; Zinnecker & Yorke 2007; Schilbach & Röser 2008).
The runaways are presumed to have been ejected from
their birthplaces at high velocities. In OMC–1 a three-
body encounter ∼ 500 years ago has been hypothe-
sised to have resulted in the formation of the “bullets
of Orion” as well as the high proper motions of the
three stars concerned (Allen & Burton 1993; Bally et
al. 2011). Proper motions studies of the bullets for over

a decade clearly reveal their explosive origin (Bally et
al. 2015).

The hypothesis to be investigated is that ejection,
plus the formation of a tight binary, may be com-
mon in multiple-systems. In this scenario massive stars
form dense sub-clusters inside more sparsely populated
clusters of lower-mass objects. They might form non-
hierarchical systems, whereby dynamical interactions
between the members leads to the ejection of one at
high velocity, with the simultaneous formation of tight
binaries between other members. While it would be a
fortuitous if such an ejection was to be caught in action,
more likely might be the possibility of catching transits
from the close passage of such stars in front of each an-
other? These must often occur as the orbital periods
are short and the stellar photospheres can be extended.
Such events will only be observable in the infrared, how-
ever, since dust extinction renders these stars invisible
in the optical. Wide-field time domain studies, there-
fore, can search for such transiting events and so yield
statistics on the existence of embedded massive, multi-
ple systems during star cluster formation.

6.1.2 Accretion Events in Star Formation

Variability in the infrared fluxes from forming star
clusters has been found to be surprisingly common.
For instance, in the nearby Rho Ophiuchi cloud 40%
of the embedded population exhibits such behaviour
on timescales ranging from days to weeks (Alves de
Oliveira & Casali 2008). Such variability is hypothe-
sised to be associated with episodic accretion from a
circumstellar disk, for instance outbursts (flares) might
result from sudden accretion events. As an example, in
Cygnus OB7 variability was modelled as the accretion
rate falling by 30 times, while the central hole in the
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disk doubled in size, over a 1 year period (Wolk et al.
2013).

There are two recognised classes of eruptive vari-
ables undergoing accretion: long duration outbursts
over many years termed FUors (after FU Orionis), and
shorter duration events (weeks to months) known as
EXors (after EX Lupi). These have been defined via
their optical variability and only a few examples are
known (Reipurth & Aspin 2010; Audard et al. 2014).

Searches for such events, in particular shorter period
variability, has been hampered by a lack of capability in
the IR for time-dependent surveys. Two epochs in the
near–IR were obtained during the UKIDDS Galactic
Plane Survey (the UGPS) (Contreras Peña et al. 2014),
but only finding an additional 4 examples arising from
embedded sources.

The first results focusing on IR variability from the
much more extensive Vista Variables in the Via Lac̀tea
(VVV) survey (Catelan et al. 2013; Hempel et al. 2014)
have recently been reported (Contreras Peña et al.
2016), however. They open up a much larger discov-
ery space. Around 7 large amplitude variables (∆Ks >
1 mag) per square degree were found over a 119◦ sur-
vey region, about half of which can be associated with
embedded young stellar objects. Over 100 sources with
variability characteristics of FUors and EXors have
been identified, an increase by ∼ 5 times over the num-
ber previously known.

This provides a rich source list for more detailed
study using a higher and more consistent cadence. Inter-
estingly, the most eruptive light curves, on the longest
timescales, tend to be associated with the spectrally
reddest objects; i.e. associated with the earliest stages
of pre-MS evolution. However, for shorter time intervals
(less than a month) the greatest variability is associated
with the more evolved class II YSO stage, rather than
the class I stage found to be associated preferentially
with longer period variables. Monitoring of variability
provides a tool to probe the accretion process itself,
and the cycles of outburst that accompany it, so as to
test between models for the process (Haemmerlé & Pe-
ters 2016). These can depend sensitively on the stellar
structure and geometry in the accreting region. These
observations might be accompanied by ALMA imaging
in the sub-millimetre of the disks around forming stars,
in order to build a picture of the accretion process(es)
in action.

6.1.3 Intrinsic Variability of Young Stellar Objects

While fluctuations in the light curve may result from
obscuration caused by other objects, it may also arise
from variability of the young star itself. On timescales of
a few years Wolk et al., for instance, conclude that most
of the young stellar population will be found to be vari-
able in the near-infrared (Wolk et al. 2013). The causes
of such variation are many, including those above (ac-

cretion, obscuration, transits). However, it might also
result from intrinsic variability – perhaps from orbit-
ing star spots changing the level of the emitted stellar
flux, essentially changes in the level of magnetic activity
(Grankin et al. 2008).

The nature of the variability can be used to probe
the kind of star spot. Periodic variability is thought to
originate from cool magnetic spots that rotate with the
star, whereas aperiodic variability is likely to be associ-
ated with flaring, irregular accretion or variations in cir-
cumstellar extinction. Young stars are intrinsically more
variable than main sequence stars like the Sun; however
infrared observations are needed to study their variabil-
ity when they are still obscured by the dust within their
natal clouds.

Variability might also be used to determine cluster
membership from the background stellar population,
in particular when the infrared excess that would arise
from a warm disk that surrounds the young star is not
seen. Variability can therefore be used to help build a
complete population census of a star cluster, beyond
that provided by just the measurement of infrared ex-
cesses from disks.

6.1.4 KISS Survey Program

A suitable survey program for KISS would be to con-
centrate on observing star forming clusters along the
southern Galactic plane. Based on the results of the
VVV survey about half the IR variable sources will be
found in such regions. These sources will not be evident
in optical surveys, so this provides a new parameter
space to study. Young clusters will generally fit within
the 46′ FOV, so a 9-point jitter pattern would be used.
Thus in 9 minutes a 3σ sensitivity of 17.5− 19.0 mags.
would be achieved for the Dome A extrema. With daily
cadence and a 10% observing fraction, 16 clusters could
be studied. With a weekly cadence, this would increase
to ∼ 100.

A suitable program would encompass both these ca-
dences, concentrating on daily monitoring of the most
interesting embedded clusters found in the VVV, in-
cluding those with sources found to be continuously
variable. This would be accompanied by a weekly moni-
toring of a larger sample of young clusters spread along
the southern Galactic plane.

Based on the results of the VVV survey about 4 large
amplitude (∆Kdark > 1 mag) variable would be found
per field brighter than ∼ 16.5 mag. Since KISS will ex-
tend 2 mags. fainter, considerably more large amplitude
variables can be expected to be found. Furthermore,
KISS will also extend to brighter stars, with the satu-
ration limit being ∼ 1 mag. brighter than the VVV.
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6.2 Brown Dwarfs & Hot Jupiters

The Kdark window is where the spectrum of objects
around 1,000–1,500 K peak – too cool for stars, but too
hot for most planets. This is the regime of Brown Dwarfs
and Hot Jupiters. The latter are Jupiter-sized or larger
planets. They are in close orbit around their host stars
and so heated by them. While from comparison of their
masses Brown Dwarfs look like the big brothers of giant
planets, their origins may be very different.

Brown Dwarfs are failed stars and are believed to
be formed through the collapse of gaseous clouds, in
the same manner as low mass stars (Luhman 2012).
In contrast, the formation of giant planets more likely
follows a core accretion model (Hubickyj et al. 2005), in
which the planet grows from a solid planetary core by
accreting gas and dust from a surrounding circumstellar
disk.

A simple observational result seems to confirm their
differences. Giant planets are relatively more common
than Brown Dwarfs. It is estimated that 1–2% of all
stars may contain Hot Jupiters with orbital periods
of less than 50 days (Wittenmyer et al. 2011). This
rate increases to 14% for orbital periods of up to 10
years (Mayor et al. 2011). The occurrence rate of Brown
Dwarfs is lower than for both giant planets and low
mass stars. A possible dip occurs in the stellar compan-
ion mass histogram at around 40 Jupiter masses, known
as the “Brown Dwarf Desert” (Sahlmann et al. 2011).

However, Brown Dwarfs are not readily distinguish-
able from giant planets if we only consider their masses
or radii. There are planets which are smaller or larger,
and lighter or heavier, than objects believed to be
Brown Dwarfs. The Brown Dwarf Desert may in fact be
an observational bias since they are much fainter than
low mass stars and easily confused with giant planets.
In fact, a debate about what is a planet began soon
after the first Brown Dwarf was discovered and is still
ongoing (Basri & Brown 2006; Hatzes & Rauer 2015).
To contribute to resolving it, surveys are needed that
are able to determine the true occurrence rate of Brown
Dwarfs, especially in binary systems. This will not only
benefit planet formation theory but also address some
key issues in star formation research, such as the ini-
tial mass function for stellar mass objects (Burton et
al. 2005).

Stellar clusters are good targets for Brown Dwarf
searches, since their occurrence rate may be strongly
associated with the star formation rate. Targetting mul-
tiple clusters is then one of the most efficient ways of
detecting Brown Dwarfs and Hot Jupiters. When they
transit in front of their host star a ∼ 1% drop in flux of
the host, over a period of a few hours, will be seen. To
detect these tiny dips buried in the light curve, photo-
metric measurements at the milli-magnitude accuracy
level are required. Such a precision has been demon-

strated to be achievable from Antarctica (Fruth et al.
2014).

Observations of transiting Brown Dwarfs and Hot
Jupiters in the K–band have additional scientific value.
Orbital inclination and physical radius can be deter-
mined more precisely, since stellar limb-darkening is sig-
nificantly less pronounced at longer wavelengths. Most
interestingly, the K–band is also open to secondary
eclipse observations. The spectrum of a Hot Jupiter
at 2.4µm will be much brighter than inferred from its
black body temperature. So, when transiting a solar-
type star, a secondary eclipse in the K–band of depth
∼ 0.1% is anticipated (Charbonneau et al. 2005). In ad-
dition, the secondary eclipse is even more pronounced
for a transiting Brown Dwarf.

Such measurements would provide a key part of spec-
trum, and can be used to model the effective temper-
atures, Bond albedos and atmospheric physics. This
would help us to distinguish Brown Dwarfs from gi-
ant planets and interpret their inner structure and for-
mation processes. Related work has been reported, e.g.
HD209458b (Snellen 2005) and OGLE-TR-113 (Snellen
& Covino 2007), indicating the feasibility of this kind
of observation. The sensitive Kdark window at Dome A
and the long polar night will make KISS one of the best
ground-based facilities for performing secondary eclipse
observations of Brown Dwarfs and Hot Jupiters.

6.2.1 KISS Survey Program

The FOV of KISS is 46′ × 46′ with a relatively small
pixel scale 1.35′′. This is very suitable for searching for
transiting Brown Dwarfs and Hot Jupiters in open clus-
ters along the southern Galactic plane. Multiple stellar
clusters would be pre-selected depending on their stellar
densities and distances. A trade off between total num-
ber of target clusters and sampling cadence needs to be
made. The optimal balance is determined by ensuring
enough exposure time to achieve at least 1% photomet-
ric precision for each target and an overall cadence of
less than 20 minutes. Since the typical transit duration
of a Hot Jupiter is around 2–3 hours, a longer cadence
would drop the detectability significantly given a fixed
total observation period. Secondary eclipse observations
would only be performed on very bright, high-value tar-
gets during their predicted transit windows.

A target would be monitored for 4–6 hours to cover
the whole transit event with a high sample cadence of 2
minutes. In a one minute observation 0.2% photometry
(see Fig. 1) can be achieved for sources brighter than
10th magnitude at K–band (for the extrema in condi-
tions expected at Dome A, as discussed in§3). Ten one-
minute images would be coadded together to achieve
higher precision ∼ 0.1%.
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6.3 Exoplanets around M Dwarfs

In addition to finding individual objects in order to
study their characteristic features, understanding of the
statistical properties of the exoplanet population is es-
sential for building a uniform and self-consistent picture
of planet formation and evolution (Winn & Fabrycky
2015). To date, most confirmed exoplanets have been
found around solar-type stars (G Dwarfs). This could
be an observational bias, however, since G Dwarfs are
bright, quiet and slowly rotating, hence they are suit-
able for radial velocity follow-up measurements. In fact,
main-sequence stars with spectral types later than M0
(M∗ < M�) outnumber G Dwarfs by an order of magni-
tude in the solar neighbourhood (Henry et al. 2006). Re-
sults from the Sloan Digital Sky Survey (SDSS) indicate
that the Galaxy’s stellar mass function peaks at 0.25M�
(Bochanski et al. 2010), which corresponds roughly to
M4 in spectral type. 40% of stars fall below 0.25M�. We
thus need to know how planets populate these smallest
of stars before we can obtain a complete understanding
of the exoplanet population in the Galaxy.

Furthermore, statistical studies on Kepler candidates
and their host stars, which suffer less observational
bias, indicate that smaller stars tend to have a higher
probability of hosting small planets. The occurrence of
Earth– to Neptune-sized planets (1− 4R⊕) is higher to-
wards later spectral types at all orbital periods. Planets
around M Dwarfs occur twice as frequently as around G
stars, and thrice as frequently as around F stars (Mul-
ders et al. 2015). The correlation between planet occur-
rence and host mass reveals details of planet formation.
For example, according to the core accretion paradigm
(Laughlin et al. 2004), Jupiter mass planets should be
rare around M Dwarfs, since their less massive proto-
stellar disks (Andrews & Williams 2005) are insufficient
to feed giant planets. This hypothesis was supported by
a deficit of Jupiters detected in radial velocity surveys
(Johnson et al. 2007). However, Hot Jupiters were then
found around M Dwarfs a few years later by the Kepler
satellite (Johnson et al. 2012). To date, only ∼ 100 exo-
planets around M Dwarfs have been found,2 mostly by
Kepler.

We need more samples to complete the story of the
stellar-mass-dependent occurrence rate of planets. By
spanning a wide range of stellar masses, we may be
able to draw an overall picture of how a planet’s birth,
growth and survival depends on its various environmen-
tal factors (Raymond et al. 2007; Montgomery & Laugh-
lin 2009; Berta et al. 2013)).

Compared to gas giant planets, smaller rocky plan-
ets with moderate surface temperatures are particularly
attractive for study as these are potential habitable
worlds. An Earth-like planet usually has a physical ra-
dius no more than 2R⊕, which generates only a ∼ 0.04%

2See http://exoplanet.org.

flux drop when it transits its solar-type host. A photo-
metric precision of ∼ 0.01% is required to reveal such
planets in a transit survey. Furthermore, the typical or-
bit period of a habitable planet travelling around its G
Dwarf host is about 1 year, which leads to a geometric
transit probability close to zero. Given a system that is
exactly coplanar to the observer, one needs to maintain
this ultra-high precision for several years to ensure the
coverage of multiple transit events. This is impossible
for ground-based surveys that suffer strong red noise
from the atmosphere and sidereal aliasing. Such issues
are alleviated, but not removed, for observations from
Antarctica.

Instead, M Dwarfs are preferred targets when search-
ing for transiting Earth and super-Earth exoplanets in
habitable zones (Nutzman & Charbonneau 2008). The
very low luminosities of M Dwarfs makes their hab-
itable zones reside at much smaller orbital distances.
For example, for an M5 Dwarf the habitable zone lies
at around 0.08 AU, corresponding to an orbital pe-
riod of 15 days. The geometric transit probability for
a super-Earth exoplanet (Rp ∼ 2R⊕) inside its habit-
able zone is also raised from ∼ 0.5% (for the Earth-
Sun system) to ∼ 1.6%. Their small radii also signif-
icantly amplifies the transit depth from ∼ 0.04% to
∼ 0.5% (Irwin et al. 2009). M Dwarfs are also much
brighter at K–band than they in the optical. A pho-
tometric precision better than 0.5% is necessary for
detecting a super-Earth (Rp ≤ 2R⊕) transiting a late
M Dwarf (R∗ ≤ 0.3R�). The feasibility of detecting
habitable Earth- and super-Earth planets has recently
been demonstrated by MEarth (Berta-Thompson et al.
2015), GJ1132b) and TRAPPIST (Gillon et al. 2016,
TRAPPIST-1b,c,d).

6.3.1 KISS Survey Program

Known as Red Dwarfs, the late M Dwarfs are especially
rare. Their distribution on the sky is rather sparse.
For KISS, whose FOV is 46′ × 46′, we expect less than
one target per FOV. Is this still true for 46′? Thus,
a blind survey is not a suitable search mode. Instead,
a list of M Dwarfs will be chosen from the CONCH–
SHELL catalogue (Gaidos et al. 2014), selected with
radii R∗ ≤ 0.3R� and metallicity [Fe/H] ≥ 0. Addi-
tional criteria are needed to ensure high photometric
precision, e.g. bright K–band magnitude MK ≤ 11 and
declination ≤ −60◦ to be observable at high elevation.

In a one minute exposure the photometric precision
is better 0.5% (see Fig. 1) for stars with MK ≤ 11. For
bright targets, multiple short exposures (e.g. 30× 2 s)
would be used to minimise saturation, with minor effect
on the precision obtained (Fig. 1). The typical transit
duration of an Earth–M-dwarf system is about 1 hour.
This sets the maximum cadence to be 10 minutes. Tak-
ing account of the slew time between targets (10–30 sec-
onds), 6–8 targets could be monitored simultaneously.
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6.4 Terminal Phases of Stellar Evolution

The terminal phase for intermediate mass stars is the
Mira variable. Heavy mass loss surrounds a ∼ 105L�
star, producing optically thick dust which obscures the
process from view. The precursor optically thin stage
is well studied, e.g. in the Magellanic Clouds (Aaron-
son & Mould 1982; Bessell et al. 1983; Wood 1998).
Encoded in the time- and wavelength-dependent prop-
erties of these pulsating asymptotic giant branch (AGB)
stars are the underlying fundamental parameters of
mass, composition and evolutionary state (Ireland 2011;
Ventura et al. 2015). With mK < 17.5 mags KISS can
measure bolometric light curves for such stars in the
LMC & SMC, complementing the shorter wavelength
work (Soszyński et al. 2013). Other complementary
surveys to observe the AGB population of the Mag-
ellanic Clouds are the Deep Near Infrared Survey of
the Southern Sky (DENIS) (Epchtein et al. 1994), the
Surveying the Agents of a Galaxy’s Evolution surveys
with the Spitzer telescope for the LMC (SAGE–LMC)
(Meixner et al. 2006) and the SMC (SAGE–SMC) (Gor-
don et al. 2011); see Fig. 4 for the corresponding colour-
magnitude diagram for AGB stars.

6.4.1 KISS Survey Program

The area of the Magellanic Clouds is 100 square degrees.
These fields should be observed at least twice a year for
appropriate coverage of long period variables.

6.5 Fast Transients, Fast Radio Bursts, and
Gravitational Wave Sources

Recent wide-area transient surveys have identified thou-
sands of events (e.g., the various classifications of no-
vae and supernovae) that completely fill the luminos-
ity vs. characteristic timescale parameter space from
∼ 1 day to ∼ 1 yr (Kasliwal 2011). However, there exists
a large number of theorised, and a handful of serendip-
itously observed, faster evolving events occurring on
millisecond-to-hour timescales (Figure 5). Examples in-
clude fast radio bursts (FRBs) that are millisecond
bursts in the radio that are likely of cosmological origin
(Thornton et al.(2013); Keane et al. 2016), supernova
shock break-outs (Soderberg et al. 2008; Garnavich et
al. 2016), electromagnetic counterparts to gravitational
waves (Abbott et al. 2016) such as kilonovae (Metzger et
al. 2015), gamma-ray bursts (GRBs), including ‘dark’
and ‘bursty’ events (Kasliwal et al. 2008), flare stars
(Osten et al. 2005; Maehara et al. 2012), type .Ia super-
novae (Kasliwal et al. 2010) (supernovae with roughly
one-tenth the timescale and luminosity as type Ia su-
pernovae), and tidal disruption events (Gezari et al.
2012). The millisecond-to-hours time domain has previ-
ously been little explored largely as a result of techno-

logical and observational challenges necessary for fast,
real-time detection and study.

The Deeper, Wider, Faster (DWF) program (Cooke
et al. 2016) has overcome these challenges by:

• coordinating simultaneous observations using mul-
tiple, major (and, thus, sensitive) observatories at
wavelengths from the radio to gamma-ray,

• performing real-time supercomputer data reduc-
tion, calibration and analysis in seconds to min-
utes,

• executing real-time computational and state-of-
the-art visualisation technologies for real-time can-
didate identification,

• initiating rapid response (minutes) deep spectro-
scopic follow-up programs using 8 m-class tele-
scopes, and

• coordinating a global network of telescopes for
short-to-long duration follow-up imaging.

6.5.1 The Deeper, Wider, Faster (DWF) program

DWF organises and coordinates observations by a
worldwide network of small to large telescopes. At its
core, DWF performs simultaneous, deep, wide-field,
fast-cadenced observations using the CTIO DECam on
the 4 m Blanco telescope, the NASA Swift satellite,
and the Parkes, Molonglo and VLA radio telescopes.
In addition, DWF performs rapid response (minutes)
target of opportunity spectroscopic observations on
the Gemini-South and VLT 8 m-class optical/IR tele-
scopes. Furthermore, DWF has same-night optical spec-
troscopic follow-up using SALT (and proposed AAT
AAOmega wide-field multi-fibre spectroscopy). Finally,
DWF coordinates a combination of real-time and long-
duration (weeks) photometry using the optical Skymap-
per, Zadko, and Mount Laguna Observatory (and pro-
posed REM) telescopes.

One of the primary goals of DWF is to provide si-
multaneous multi-wavelength coverage of FRB detec-
tions to search for shorter wavelength counterparts, con-
firm/refute their cosmological nature, study their host
galaxies, and to help understand the mechanism(s) be-
hind their energy. As a result, simultaneous data are
acquired at radio, optical, UV, X-ray and gamma-ray
wavelengths. In addition, DWF has a Memorandum of
Understanding (MoU) with the LIGO-Virgo Consor-
tium and is notified of gravitational wave (GW) events.
Upon notification, DWF converts into a tiling mode and
moves all telescopes to cover the positional error ellipse
of the GW event (depending on the ellipse location).
DWF obtains temporal coverage of the event location
at multiple wavelengths and to deeper magnitudes com-
pared to other follow-up programs. However, there is an
important gap in wavelength coverage in the DWF net-
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Figure 4. Colour–magnitude diagram for extreme AGB stars from the SAGE survey (Woods et al. 2011), courtesy of Bob Blum.

work of telescopes at infrared wavelengths which KISS
can fulfil.

Observations for DWF are classically proposed and
scheduled, with coordinated runs currently occurring
2− 3 times a year at ∼ 1 week each. To enable si-
multaneous visibility for radio observations in Aus-
tralia and optical observations in Chile, and to max-
imise time on source (∼ 1− 3 hrs), the physical limits
of the telescopes require DWF target fields to reside be-
tween DEC ∼ −30◦ to ∼ −80◦. As a result, the DWF
fields are necessarily observable with KISS. DWF re-
ceives immediate (seconds) FRB identifications from
Parkes and/or Molonglo, bursts from Swift, and GW
alerts from LIGO. Apart from these rare, but high pri-
ority targets, the analysis of DECam optical images
(candidates in minutes) dominate the transient detec-
tions. The rapid (20 s) DECam images are most sen-
sitive to transients with m ∼ 16− 21 mags. Fainter,
slower evolving events can be detected in the stacked
nightly, or semi-nightly images. Although DWF per-
forms real-time, fast data analysis and candidate iden-
tification, the program also conducts a comprehensive
search for fast transients in the data after the observ-
ing runs. Finally, some fast transients (e.g., supernova
shock breakout, very early supernova detections, type
.Ia supernovae) require long term (days/weeks) follow-
up to identify and classify the events and to study their
evolution.

6.5.2 The role of KISS

The geographical location, sensitivity, wavelength and
temporal coverage of KISS make it an ideal observa-
tory to complete the needs of DWF. KISS observations
can be coordinated with the DWF runs and can pro-
vide continuous, 24-hour photometric coverage during
the observations. The simultaneous and continuous cov-
erage is crucial to obtain the light curves of events on
minutes-to-hours timescales. The ability of KISS to ac-
quire complete, unbroken light curves of these events
is extremely important and makes KISS unique. Light
curves for events with hours to ∼ 1 day durations can-
not be obtained by any higher latitude facility. Frag-
mented photometry of such events would rarely provide
sufficient data for confirmation and would not enable
study and classification.

The infrared regime is vital for many fast transients
detected by DWF. KISS is ideal for the detection and
study of fast transients in fields near the Galactic plane,
such as FRB fields, and are, thus, subject to heavy
Galactic extinction at shorter wavelengths. In addition,
KISS will be highly effective in identifying and rapidly
confirming flare stars, as the variation can result in neg-
ative flux in the infrared to account for the flare en-
ergy at other wavelengths (Rodono 1990). DWF detects
early outbursts of supernovae and KISS will be key to
obtaining their light curves over days for classification.
Finally, KISS will be a powerful facility to detect and
confirm kilonovae (one aftermath scenario of the merger
of two neutron stars), that are strong GW candidate
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Figure 5. Peak luminosity vs. characteristic timescale of the fastest (seconds-to-hours) theorised transient events. Figure is modified
from Kasliwal et al. (2011). DWF observations with DECam are sensitive to the optical counterparts to the fastest bursts to very

faint magnitudes. Fast-cadenced, 20 s exposures reach to mg(AB) ∼ 24 and nightly field stacks of mg(AB) ∼ 26. These are capable of

detecting nearly all events shown to ∼ 200 Mpc and events with peak magnitudes of M ∼ −16 to − 18 to z ∼ 1. With continuous 20 s
exposures, DWF acquires detailed light curves of the rising and fading phases of most rapid bursts and is able to identify transients in

minutes. KISS will provide a key observational complement to DWF, by acquiring infrared observations simultaneous with coordinated
radio, optical, UV, X-ray and gamma-ray observations. In addition, KISS will enable longer-term follow-up to confirm the fast transients,

search for variability, and to classify longer-duration events. KISS observations are crucial for events such as kilonovae that are predicted

to peak in the infrared and for all events located near the Galactic plane and subject to Milky Way extinction.

sources, as they have hours-to-days timescales and are
modelled to peak in the infrared (Metzger et al. 2015).

KISS is projected to transmit source catalogues rel-
atively quickly, which can be utilised in real-time dur-
ing the DWF observation runs. In addition, archived
KISS data will be highly useful for all transient detec-
tions and for the full analysis of DWF data performed
after the runs. Finally, all candidate GW source tran-
sients detected by DWF and KISS will be ‘reversed’
searched in the LIGO/VIRGO databases. Information
of the time and location of the events enable higher
sensitivity searches in the GW data.

6.6 Supernova Searches

6.6.1 Type Ia Supernovae (SNe Ia) in the IR

SNe Ia, after empirical calibrations of their luminosities
(Phillips 1993), are now the best standard candles to
measure distances across the universe. Using SNe Ia, it
was discovered in the late twentieth century that the
expansion of the universe is accelerating (Perlmutter et
al. 1997). It is not yet known what causes this acceler-
ation and this unknown energy is termed dark energy.
Current observations supports the vacuum energy inter-
pretation as the force behind the observed acceleration,
yet other explanations are possible. If the vacuum en-
ergy interpretation is correct, and is constant over time,
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it violates fundamental physics and a new physical ex-
planation is needed. On the other hand, the time vary-
ing nature of dark energy is hard to detect due to several
systematic uncertainties in cosmological measurements.

One way to minimise the systematics, which origi-
nated from the intrinsic luminosity scatter in SNe Ia, is
to measure these objects in the IR. It has been shown
that SNe Ia in the IR have the least scatter in the Hub-
ble diagram (Barone-Nugent et al. 2012), hence they
provide better standard candles. Therefore, one impor-
tant science goal of KISS is to discover SNe Ia in the
IR. KISS will be able to discover hundreds of SNe Ia in
the local universe and these will act as the low redshift
anchor of the Hubble diagram. The high redshift part
of the IR Hubble diagram can be filled with the SNe
Ia from other future IR facilities, such as WFIRST. SN
Ia peak at K = 17.5 mag at 200 Mpc. There should be
∼ 200/yr SNe Ia detectable from Dome A with K <17.5
mag based on SDSS statistics (Dilday et al. 2010). KISS
will also be able to undertake IR follow-up of optical
SNe Ia that will be discovered from SkyMapper (Keller
et al. 2007).

6.6.2 Supernovae Buried in Starburst Galaxies

Although SNe rates in starburst galaxies are higher,
with current image subtraction techniques in the optical
their discoveries are often hindered due to the proximity
to the bright nuclei of the host galaxies. In the IR it is
possible to see through to the central dusty obscuration
of the hosts and to discover the SNe. However, even with
precision photometry, AGN variability (reverberation)
may affect positive SNe discoveries.

Therefore, an essential component of a project target-
ing SNe in the highly extinguished nuclei of star forming
galaxies is a parallel survey program in the optical to a
comparable depth as the near–IR. Such a parallel survey
could be carried out on another small telescope, such
as AST3–1 and AST3–2 at Dome A. The supernovae
of interest are buried deeply inside the nuclei of the
ULIRGs/LIRGs and are likely to suffer extremely high
extinction (AV > 10− 25 mag), and their light curves
have characteristic time scales that are fairly well un-
derstood. Optical light curves can then define the AGN
variability, and so help us to separate the supernova sig-
nal in the K–band from the variability associated with
the AGN activity.

6.6.3 KISS Survey Program

For the KISS SNe survey the aim is to make early SNe
discoveries, i.e. soon after the explosion and before the
peak in the light curve. This requires a high cadence for
the search, ∼ 1 sample per day. Supposing 10% of the
winter observing time were devoted to such a search,
then, based on the sample surveys in Table 3, in 60 sec-
onds of integration we can cover ∼ 85 deg2 with ∼ 144
camera fields, and providing ∼ 100 samples per winter

season. The 3σ sensitivity achieved ranges from 16.5 -
17.9 mags. for the extrema in observing conditions ex-
perienced at Dome A, sufficient to make detections of
SNe based on the SDSS statistics discussed above. Op-
tical imaging follow-up will be carried out by AST3–
2, SkyMapper and La Silla Quest, and spectroscopic
follow-up with the WiFeS instrument on the ANU 2.3 m.

6.7 Reverberation Mapping of Active
Galactic Nuclei (AGN)

The region very close to the central supermassive black
hole echoes its activity. In IR the dust morphology of
the AGN is probed. The goal of infrared reverberation
mapping is to characterise dust in the central disk or
torus as a function of black hole mass and galaxy dy-
namics. Monthly measurements of NGC 4151 have been
modelled (Schnülle et al. 2013) by a static distribu-
tion of central (∼ 0.1pc) hot dust. Acquisition of simi-
lar time domain data on a significant sample of nearby
Seyfert galaxies is proposed as part of KISS. Suitable
very nearby targets include NGC1566 and the Circinus
galaxy (Jud 2016). The associated stars have central
velocity dispersion measurable with the ANU’s WiFeS
and ESO’s SINFONI instruments (Mould et al. 2015).
Together with the radius, this yields the mass of the
black hole. The technique is as follows:

1. Monitor time variability of AGN.
2. Undertake a two-component decomposition of the

SED, into a power law + black body.
3. Determine the temporal evolution of temperature

+ solid angle.

6.7.1 KISS Survey Program

We plan to monitor the ten closest Seyferts in the
Southern Hemisphere on a monthly basis.

6.8 Gamma Ray Bursts

This section needs some input from someone knowledge-
able in the field! If there is nothing specific to add, please
consider whether it might be incorporated within the SN
section.

GRBs are super-supernovae. At ultra-high redshifts
(e.g. z ∼ 20) they require the infrared to be found. Mod-
els for WFIRST (Whalen et al. 2014) of the time evo-
lution of GRBs from 1.5 to 4.4µm indicate that those
at z = 20 will be accessible in Kdark from Antarctica.
We also gain from cosmological time dilation at these
redshifts, making it easier to detect the SN.

6.8.1 KISS Survey Program

Add a few words here on a suitable sub-program using
KISS that can tackle some of these science questions.
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We are investigating the strategy to complement
rapid response programs in the optical.

6.9 The Cosmic Infrared Background

Kdark is a choice wavelength for observing the first stars
in the Epoch of Re-ionization (EoR), as the rest frame is
the ultraviolet at z = 6. Simulations (Furlanetto & Oh
2016) show complementarity with observation of neu-
tral hydrogen. The expectation is that the large-scale
structure (LSS) in KISS will be anti-correlated with the
LSS in MWA, for example. The large scale power in the
infrared background is not caused by the zodiacal light
(Arendt R. et al. 2016).

On smaller scales we have made a toy model for a
1000′′ × 1000′′ square at 1′′/pixel with no background
noise; the calculation stops at z = 10.

The assumptions of the toy model are:

1. Galaxies aggregate according to Abramson et al.
(Abramson, L. et al. 2016).

2. The cosmic SFH is that of Gladders et al. (Glad-
ders et al. 2013).

3. Galaxy SEDs and M/L from Bressan et al. (Bres-
san et al. 2012)3.

4. Standard cosmology with no extinction.
5. PSF=1 pixel.
6. The mean value of λFλ is 22 nW m−2 sr−1.

The fluctuation spectrum for the toy model is shown
in Figure 6. The normalization value of 22 nWm−2 sr−1

was chosen from the DIRBE observations (Wright
2004). The NICMOS deep field fluctuation spectrum
for shorter wavelengths is discussed by Thompson et
al. (Thompson et al. 2007). The thermal background in
low Earth orbit prohibited a K–band filter in NICMOS.
More elaborate models for the KISS fluctuation spec-
trum will constrain star formation at high redshift. A
high signal to noise deep field will be required to detect
the fluctuation spectrum as the Kunlun Station winter
background at Kdark is 100 µJy per arcsec2, which is
240 times the DIRBE CIB.

6.9.1 KISS Survey Program

We plan to evolve a strategy to obtain the deepest pos-
sible field to probe the cosmic infrared background, in
combination with high cadence measurements obtained
from other survey programs.

7 CONCLUSION

KISS will provide first comprehensive exploration of
time varying Universe in the infrared at the longest
wavelength where deep, high resolution observations

3http://stev.oapd.inaf.it/cgi-bin/cmd

can be conducted from the ground, 2.4µm. This will
also be a demonstrator for the capabilities of large in-
frared telescopes on the Antarctic plateau that are able
to take advantage of the exceptionally cold, dry and sta-
ble conditions for sensitive observations of the cosmos
in these wavebands.

8 ACKNOWLEDGEMENTS

We acknowledge the Australian Research Council for fund-
ing of the KISS camera under the Linkage Infrastruc-
ture Equipment Facility (LIEF) scheme, grant number
LE150100024. Useful conversations were held with Maren
Hempel and Phil Lucas which helped guide the survey plan-
ning.

REFERENCES

Aaronson, M., & Mould, J. 1982, ApJS, 48, 161

Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016, Phys-
ical Review Letters, 116, 061102

Abramson et al., 2016, arXiv:1604.00016

Alard, C. 2000, A&AS, 144, 363

Allen, D. A., & Burton, M. G. 1993, Nature, 363, 54

Alves de Oliveira, C., & Casali, M. 2008, A&A, 485, 155

Andrews, S. M., & Williams, J. P. 2005, ApJ, 631, 1134

Arendt, R., Kashlinsky, A., Moseley, S. & Mather, 2016,
arxiv:1604.7291

Ashley, M. C. B., Burton, M. G., Storey, J. W. V., et al.
1996, PASP, 108, 721
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Schilbach, E. & Röser, S. 2008, A&A, 489, 105

Schnülle, K., Pott, J.-U., Rix, H.-W., et al. 2013, A&A, 557,
L13

Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, AJ,
131, 1163

Snellen, I. A. G. 2005, MNRAS, 363, 211

Snellen, I. A. G., & Covino, E. 2007, MNRAS, 375, 307

Soderberg, A. M., Berger, E., Page, K. L., et al. 2008, Na-
ture, 454, 246
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