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The International Liquid Mirror Telescope (ILMT) is a 4-meter class survey telescope that has recently achieved

first light and is expected to swing into full operations by 1st January 2023. It scans the sky in a fixed 22′ wide
strip centered at the declination of 29°21′41′′ and works in Time Delay Integration (TDI) mode. We present

a full catalog of sources in the ILMT strip that can serve as astrometric calibrators. The characteristics of the

sources for astrometric calibration are extracted from Gaia EDR3 as it provides a very precise measurement
of astrometric properties such as RA (α), Dec (δ), parallax (π), and proper motions (µα∗ & µδ). We have

crossmatched the Gaia EDR3 with SDSS DR17 and PanSTARRS-1 (PS1) and supplemented the catalog with

apparent magnitudes of these sources in g, r, and i filters. We also present a catalog of spectroscopically confirmed
white dwarfs with SDSS magnitudes that may serve as photometric calibrators. The catalogs generated are stored

in a SQLite database for query-based access. We also report the offsets in equatorial positions compared to Gaia

for an astrometrically calibrated TDI frame observed with the ILMT.

Keywords: Liquid Mirror Telescope; Survey; Crossmatching; Astrometry; Photometry.

1. Introduction

Optical survey telescopes have been an integral part of modern-day astronomy for quite some time. Unlike
targeted observations, survey telescopes catalog a large number of celestial objects. Such catalogs can often
negate the need for dedicated observations of a source of interest, or at the very least can provide useful
information before follow-up observations are required for a more detailed study. The Sloan Digital Sky
Survey (SDSS) maps the sky with deep photometry and spectroscopy; the first part of the Panoramic
Survey Telescope and Rapid Response System (PanSTARRS1 or PS1) is the world’s leading Near-Earth
object discovery telescope and also provides deep photometry for 3π steradian sky; the AAVSO Photometric
All-sky survey (APASS) aims to map all of the sky in 8 different filters; The Zwicky Transient Facility
(ZTF) focuses on time-domain science. In addition to ground-based surveys, there have been many space-
based optical surveys as well. The Transiting Exoplanet Survey Satellite (TESS) searches the sky for
exoplanets; the Near Earth Object Surveillance Satellite (NEOSSat) detects Near Earth Objects; the Gaia
satellite aims at mapping the spatial and velocity distributions of the Milky way with very high astrometric
accuracy.

Liquid Mirror Telescopes (LMTs) consist of a class of telescopes in which the primary mirror is made
of a thin layer of liquid mercury. The mercury is put in a disk and a parabolic liquid mirror is achieved by
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spinning the disk at a uniform angular velocity. Due to their working principle, LMTs can only be pointed
towards the zenith. This property makes them inadequate for targeted observation of a specific source unless
it happens to be in the field of view of the telescope pointing at the zenith. Despite their shortcomings,
LMTs have some notable advantages that make them useful for conducting sky surveys, over traditional
telescopes. Indeed, the quality of the recorded observations is optimal at the zenith since both the seeing
and the transparency are the best there, at all times. Moreover, the observing efficiency is very high. As the
telescope is pointing toward the zenith and the same strip of the sky is observed each night, no time is lost
in slewing the telescope as well as in acquisition of the field, readout time, etc. While observing at zenith,
the flat fielding and CCD image de-fringing are much more accurate than during classical observations
since the images are actually formed by averaging the signal over entire CCD columns (in the direction
of the scan). As compared to traditional telescopes, LMTs are an order of magnitude cheaper to install.
LMTs scan almost the same strip of the sky over and over again every night, this makes them particularly
useful in studies of transients. Additionally, co-adding the images from the same patch of sky can be helpful
for deep-sky exploration.

The 4-m International Liquid Mirror Telescope (ILMT) is the newest of this class of telescopes situated
at Devasthal, Uttarakhand, India at an altitude of ∼ 2450m above mean sea level to take advantage of
the sub-arcsecond seeing available at the site (Sagar et al., 2000; Stalin et al., 2001; Sagar et al., 2012).
ILMT saw its first light in the commissioning phase that took place during April–May of 2022 and will
resume regular observations from October 2022 after the monsoon break. ILMT has a Field-of-View (FoV)
of 22′ and it will repeatedly observe ∼ 40 square degrees of sky per night in a strip of the same width
(22′) centered on the declination that is equal to the latitude of the site, i.e. 29°21′41′′N. Throughout the
year, ILMT will survey around ∼ 120 square degrees of sky and it will perform observations in g′, r′, and
i′ filters based on the Sloan Digital Sky Survey photometric system for observations (Surdej et al., 2018).

The ILMT will perform observations by operating the CCD detector in Time Delay Integration (TDI)
mode. Due to the Earth’s rotation, the sky will move across the detector at the sidereal rate. TDI obser-
vation is achieved by matching the parallel charge transfer rate of the CCD with the sidereal rate. This
technique provides an effective integration time of ∼ 102 s (the time it takes a source to move across the
detector) for ILMT. The images observed in this way will be in pixel coordinates. In order to convert the
pixel coordinates to equatorial ones, it is essential to have a catalog of sources with well-defined positions
which will help in aligning the observed frames with a standard frame such as the J2000 or the ICRS. These
sources should also have very low parallax and proper motions so deviations in their positions during the
run of a survey is very small. The primary aim of our work is to prepare a catalog of sources that can
be used as astrometric calibrators for the data that will be generated with the ILMT in the forthcoming
operations. We have used the data from the European Space Agency’s Gaia satellite, which features un-
paralleled astrometric accuracy, and crossmatched it with data from SDSS DR17 and PS1 DR1 to create
a database of astrometric and photometric calibrators. Our aim for crossmatching Gaia EDR3 with SDSS
and PS1 is to exclude spurious sources from the catalog and have g, r, and i magnitudes of all these objects.

The paper is structured as follows: in section 2, we describe the variation in the sky-coverage of the
ILMT over the course of its expected runtime. Section 3 is divided into different sub-sections providing
details of the astrometric calibration catalog such as the description of the data used (section 3.1), the
methodology followed to arrive at the final catalog (section 3.2). The crossmatching results with SDSS and
PS1 are discussed in section 3.3 and the characteristics of the final catalog are presented in section 3.4. In
section 3.5, we have drawn a comparison between this work and Mandal et al. (2020). The applications of
this catalog are described in section 4. The results of this work are summarised in section 5.

2. ILMT Sky Coverage

Ground-based telescopes observe in a reference frame that is defined by projecting the Earth’s equator and
poles onto the celestial sphere, and the vernal equinox as a starting point for the celestial longitude (right
ascension). This frame, however, is not fixed and varies with respect to the very distant celestial objects
due to the movement of the Earth’s rotation axis, caused by the gravitational influence of bodies in the
solar system, mainly the Sun and the Moon. These effects can be broken down as (i) Precession - which



October 21, 2022 1:48 main

Astrometric and photometric standard candidates for the upcoming 4-m ILMT survey 3

shows variations with a timescale of ∼26,000 years and (ii) Nutation - the more short-term variation over
a period of ∼18 years and amplitude of about 9 arcseconds. Standard frames of reference such as FK5 and
ICRS consider a frame fixed in time defined with respect to very distant quasars with negligible proper
motion.

0 60 120 180 240 300 360
RA (degree)

29.0

29.2

29.4

29.6

29.8

DE
C 

(d
eg

re
e)

ILMT FoV in equinox J2000
ILMT FoV in equinox J2021
ILMT FoV in equinox J2031
 Our catalog strip

Fig. 1: FoV of ILMT for different equinoxes in ICRS frame coordinates (gray, blue, pink). The black dashed
line shows the extent of Gaia sources we have chosen for our catalog.

The variation in the Earth’s reference frame means that the area of the sky that ILMT observes
will change over time as shown in Figure 1. To make a catalog of sources that will populate the FoV of
ILMT throughout its expected runtime of 10 years, we choose a strip that is 54′ wide in the ICRS frame
coordinates. For this calculation, we have only considered the effects of precession as the effects of nutation,
and aberration (the periodic shift in the apparent position of objects in the sky due to the orbital velocity
of the Earth), are negligible compared to the FoV of the telescope.

3. Astrometric Calibration catalog

3.1. Data used

To create a catalog suitable for astrometric calibration of a large survey, we have chosen to make use of the
early third data release (EDR3) of the Gaia satellite (Gaia Collaboration et al., 2021) by the European
Space Agency (ESA). Gaia is a space-based mission and its primary aim is to map the three-dimensional
spatial and three-dimensional velocity distributions of astronomical sources (Gaia Collaboration et al.,
2016) and it features very precise astrometric solutions of the same. It has at least a 5-parameter astrometric
solution - right ascension (RA), declination (Dec), parallax, and the two components of proper motion for
about 1.468 billion sources (Lindegren et al., 2021). It contains Gaia G magnitudes of about 1.806 billion
sources and GBP and GRP magnitudes of about 1.542 billion and 1.555 billion sources, respectively (Riello
et al., 2021).

We have only chosen sources that have low proper motions (µ < 20 mas/yr) and parallax (δ < 10
mas) values. These thresholds are taken from the quasar catalog of Mandal et al. (2020) and represent
the typical upper limit of these parameters for quasars. Additionally, we need to consider the astrometric
excess noise (εi) which quantifies the disagreement between the observation and the best-fitting astrometric
model adopted by Gaia. The significance of this noise is given by the parameter astrometric excess noise
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significance (D) in the Gaia catalog. As suggested by Lindegren et al. (2021), we selected sources that
have D < 2. These filters were performed in the Gaia Data Archive itself using the following ADQL query
-

WHERE dec between 28.9239 and 29.8238

AND ABS(parallax) < 10

AND pm < 20

AND astrometric_excess_noise_sig < 2

In the 54′ strip, there are ∼ 7.62 million Gaia objects. After applying the mentioned conditions on µ,
δ, and D, we were left with ∼ 5.46 million Gaia objects. These sources will define a self-consistent frame
of reference that can be used for the astrometric calibration of fields observed by ILMT.

We have crossmatched the Gaia sources with the 17th data release (DR17; Abdurro’uf et al. 2022) of
the SDSS. It is the final data release for the fourth phase of the SDSS survey (SDSS-IV) (Blanton et al.,
2017). SDSS is a very ambitious and detailed survey that has been primarily mapping out the northern
galactic hemisphere since the year 2000 using a 2.5m modified Ritchey-Chrétien telescope (Gunn et al.,
2006) situated at Apache Point Observatory, New Mexico, USA. SDSS provides photometry in u, g, r, i, z
bands (Fukugita et al., 1996) upto a median 5σ depth of 22.15, 23.13, 22.70, 22.20, 20.71 mag, respectively.
There are ∼ 6.37 million sources in the 54′ strip in SDSS DR17. It also contains spectroscopic data for
about ∼ 1% of these objects.

SDSS mostly covers the sky at high galactic latitudes therefore, there are some gaps in the survey
inside the region of our interest, as seen in section 2. To overcome this issue, we supplement our catalog
with data products generated by crossmatching Gaia EDR3 with the first part of the Panoramic Survey
Telescope and Rapid Response System (Pan-STARRS1 or PS1) Data Release 1 (DR1; Chambers et al.
2016). PS1 made use of a 1.8m telescope situated at Haleakala Observatories in Hawaii to survey the sky
in g, r, i, z, and y bands north of declination −30°. The 5σ photometric depth in g, r, i, z, y bands is 23.3,
23.2, 23.1, 22.3, 21.3 mag respectively for stacked images. Casjobsa was used to extract the objects that
have more than 1 detection in the survey from ObjectThin and MeanObject tables (see Flewelling et al.
2020).

SDSS and PS1 both are ground-based surveys and deeper than Gaia in photometric depth and hence
can be crossmatched using the same methodology. In addition to that, both of these list the photometric
magnitudes in g, r, and i bands, which can be converted to g′, r′, and i′ filter magnitudes used by ILMTb.
From both these catalogs, we only choose sources that have positional errors less than 2′′.

In addition to that, we have also used the data from the Miliquas catalog and the Montreal White
Dwarf database to derive additional data products. Details of which are listed in sections 3.5 and 4.2
respectively.

3.2. Methodology

To create a catalog that is suitable for the astrometric calibration of the fields observed by ILMT, we selected
all the Gaia sources having low proper motion and parallax values and insignificant astrometric noise in a
54′ wide strip centered around the declination of 29°21′41′′ N. These sources were then crossmatched with
SDSS DR17 and PS1 DR1. Our motivation for crossmatching the Gaia sources with the other catalogs is
the following:

(i) Since the observation epoch of distinct surveys is different, a crossmatch between these would eliminate
the spurious sources that might have been observed by one of the surveys.

(ii) Both SDSS and PS1 have observations in g, r, and i bands, which can be converted to g′, r′ and
i′ system used by ILMT. Photometric magnitudes in these bands can also serve as an additional
constraint when calibrating the ILMT fields for astrometry.

ahttp://mastweb.stsci.edu/ps1casjobs/
bhttp://classic.sdss.org/dr5/algorithms/fluxcal.html

http://mastweb.stsci.edu/ps1casjobs/
http://classic.sdss.org/dr5/algorithms/fluxcal.html
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(iii) Additional data products like a photometric calibration catalog can be derived based on the g, r, and
i band photometry.

Since both SDSS and PS1 are deeper surveys than Gaia, we have chosen Gaia as the leading catalog
and SDSS or PS1 as the secondary one. This approach is consistent with crossmatching of Gaia DR2
with multiple other catalogs by Marrese et al. (2019). In the crossmatching procedure, we have only made
use of the astrometric parameters listed in the catalogs and considered angular proximity of 2′′ as the
limiting criteria for finding a match. We choose this limiting criterion because most of the objects in the
ground-based surveys are observed with seeing less than 2′′. We then further refine our crossmatch with
the Good-neighbour criteria explained in Pineau et al. (2011), the details of which are described below.
The procedure to generate the final catalog can be summed up by the following steps:

1. We select all the sources from Gaia EDR3 lying between the declination range of 28.9238° and 29.8239°,
i.e. within the 54′ wide strip centered at the declination of 29.361°. From there, we drop sources that have
high proper motion, high parallax, and significant astrometric noise. All these steps are performed using
an ADQL query in the Gaia data archive as explained in section 3.1. At this step, we were left with ∼ 5.46
million Gaia sources. Similarly, we select all the sources from the secondary catalog within this region and
sort them by declination. In the narrow regions of 3′′ around the Right Ascension value of 0° and 360°, we
pad the secondary catalog with sources that have RA<0° and RA>360° using sources that have equivalent
RA. This is done in order to find the crossmatch for sources that lie near RA of 0° and 360° in the leading
catalog.

2. To find crossmatch for a particular Gaia source (or primary object), we select all the sources in the
secondary catalog that lie in a square region of half-width 2.4′′ centered on the primary object. Then,
we propagate the astrometric parameters and covariance matrix of the Gaia sources to the individual
observation epoch of all the secondary catalog sources in that square region. To achieve this we use the
PyGaiac library which implements the treatment described by ESA (1997), Vol. 1, Sect. 1.5. We then
calculate the angular distances between the new positions of the primary object and the corresponding
secondary objects using Vicenty Formula -

∆θ = tan−1


√

(cos δ2 sin(∆RA))2 + (cos δ1 sin δ2 − sin δ1 cos δ2 cos(∆RA))2

sin δ1 sin δ2 + cos δ1 cos δ2 cos(∆RA)


where δ1 and δ2 are the declinations and ∆RA is the difference in the Right Ascension of both sources.
Finally, we select the source that is closest to the primary object up to an angular separation of 2′′ as a
potential counterpart.

3. In order to further refine the crossmatch, we apply the good-neighbor criteria described in Pineau et al.
(2011). In this approach, we use the positional uncertainties in equatorial coordinates of these sources to
decide whether the potential counterpart provides a good match to the primary object or not. Positional
errors in astronomy are described by error ellipses around the true value. We take the error ellipses in the
equatorial coordinates and project them into the tangent plane centered on the primary object, with the
x-axis toward the potential counterpart. Errors are then interpreted as 2D gaussians:

Np(x, y;σ2
xp , σ

2
yp , ρpσxpσyp)

Ns(x− d, y;σ2
xs , σ

2
ys , ρsσxsσys) (1)

Here, σx and σy are positional uncertainties in the x and y directions respectively and ρ is the correlation.
The subscripts p and s denotes the primary and secondary object. d is the distance between these objects.

The density of probability that the two objects are the same source is given by the convolution of these
two distributions:

chttps://github.com/agabrown/PyGaia

https://github.com/agabrown/PyGaia
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Nc(x− d, y;σ2
xc , σ

2
yc , ρcσxcσyc) (2)

where, σ2
xc = σ2

xp + σ2
xs , σ

2
yc = σ2

yp + σ2
ys , and ρcσxcσyc = ρpσxpσyp + ρsσxsσys .

If the secondary object is a true counterpart of the primary object, then it will fall inside the confidence
region with a probability γ, defined by the ellipse(

x
y

)T (
σ2
xc ρcσxcσyc

ρcσxcσyc σ2
yc

)(
x
y

)
= k2

γ (3)

kγ is known as Mahalanobis distance and k2
γ has a χ2 distribution with 2 degrees of freedom.

In the catalogs used in the present work, the uncertainties in positions are given in equatorial coordi-
nates (σα, σδ, and ραδ). The different column names for these quantities based on the catalog are given in
Table 1. We assume the correlation between RA and Dec to be zero when it is not provided. Using these
quantities we can define the variance-covariance matrix as

V0 =

(
σ2
α ραδσασδ

ραδσασδ σ2
δ .

)
(4)

In order to convert this variance-covariance matrix to the tangent frame, we need to rotate Equation
4 by an amount defined by the position angle of the potential counterpart source.

Vt =

(
σ2
x ρσxσy

ρσxσy σ2
y

)
= R(Ω)T

(
σ2
α ραδσασδ

ραδσασδ σ2
δ

)
R(Ω) (5)

where R(Ω) is the rotation matrix defined by

R(Ω) =

(
cos Ω − sin Ω
sin Ω cos Ω

)
.

The convolved variance-covariance matrix in Equation 3, now can be represented by the sum of the
individual variance-covariance matrices. In the frame we have chosen, x = d and y = 0, therefore, the
selection criteria can be represented as:

d

σxc
√

(1− ρ2
c)
≤ kγ . (6)

In this work, we have adopted a confidence level of 99.7%, which corresponds to kγ =
√

11.8290. It
means if a source-counterpart pair does not satisfy this criterion, we can say with 99.7% certainty that it
is not an actual counterpart.

Table 1: Astrometric parameters for the catalogs used in this work.

Gaia EDR3 SDSS DR17 PS1 DR1
σα ra error raErr raMeanErr
δα dec error decErr decMeanErr
ραδ ra dec corr - -

4. After the crossmatch, we only kept sources that have i magnitudes between 16.5 and 22.0 mag, the
bright and faint limit of ILMT, respectively. In addition to that, we have removed Gaia sources that were
having duplicate matches to the same counterparts in the secondary catalogs. These objects are possible
binary systems or closeby sources that were resolved in Gaia but not in the secondary catalogs.
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Table 2: Summary of objects at different stages of this work.

No. of Gaia sources in the initial sample 7.62 million
sources left after parallax < 10 mas filter 6.61 million
sources left after pm < 20 mas/yr filter 6.44 million
sources left after D < 2 filter 5.46 million

No. of sources in SDSS sample 6.37 million
with positional errors < 2′′ 6.34 million
No. of crossmatches 0.89 million
with spectroscopic observation 11.3 thousand

No. of sources in PS1 sample 11.55 million
with positional errors < 2′′ 11.53 million
No. of crossmatches 3.04 million

Total crossmatches 3.93 million
duplicated sources 544
with i magnitude between 16.5 and 22 3.56 million

3.3. Results

We were able to find a match for ∼ 1.21 million Gaia sources in SDSS DR17. Since we initially had ∼ 5.46
million Gaia sources, this number may seem low but it is justified by the fact that SDSS has negligible
sky coverage in the much denser galactic equatorial region (see Figure 6 later for a description). The
distribution of crossmatched sources in different RA ranges is shown in Figure 2 and the histogram of the
angular separation between crossmatched Gaia sources and their counterparts is shown in Figure 3.

Fig. 2: The distribution of Gaia sources cross-
matched with SDSS at different RA bins of 1°.

Fig. 3: The distribution of angular separation be-
tween Gaia objects and their SDSS counterpart.

To fill the gaps in regions where little to no crossmatched sources between Gaia and SDSS are present,
we supplement the catalog by crossmatching Gaia EDR3 with PS1 DR1. This results in additional ∼ 3.34
million crossmatched sources. The distribution of crossmatched sources in different RA ranges, from both
SDSS and PS1, is shown in Figure 4.

The histogram of the angular separation between the Gaia sources and their PS1 counterparts is given
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Fig. 4: The distribution of Gaia sources cross-
matched with SDSS and PS1 at different RA bins
of 1°.

Fig. 5: The distribution of angular separation be-
tween Gaia objects and their PS1 counterpart.

in Figure 5. One thing that is immediately noticeable from the figure is that the sources in Gaia and PS1
are more closely matched than the sources in Gaia and SDSS. This is most likely due to the reason that
PS1 DR1 sources that were detected in single epoch images use Gaia DR1 as a reference for astrometry.
So any systematic deviation between these two surveys is lower. Also, the median error in the position of
sources within this strip is ∼ 0.08′′ for SDSS, while it is ∼ 0.01′′ for PS1. For comparison, the median error
in positions for Gaia is ∼ 0.0002′′.

3.4. The Final catalog

The Gaia data crossmatched with both SDSS and PS1 will serve as the astrometric calibration catalog.
This catalog covers the entire region of the sky that will be observed by the ILMT, providing 250 sources at
the least inside the instantaneous ILMT FoV. The positions in galactic coordinates of the sources present
in this catalog are shown in Figure 6. The maximum of uncertainty either in RA or Dec, max(σα∗ , σδ)

d,
for each crossmatched Gaia source are shown in figure 7. The distributions of proper motion and absolute
parallaxes of these objects is given in Figure 8. The g, r, i magnitudes of the counterparts were converted to
Gaia G magnitudes using the color equations of Jordi et al. (Jordi et al., 2010). In Figure 9, the calculated
G band magnitude is plotted against the Gaia G band magnitude. It shows an expected straight-line trend
with some scatter towards the fainter end.

The crossmatched data are stored in a SQLite database that contains the following tables - cross-
matches, gaia, sdss, panstarrs, and sdss spec. The crossmatches table is meant to be joined with the other
tables so it only contains minimal information about the sources such as gaia id, sdss id, angular separation,
ra, dec and the other tables contain all the relevant astrometric and photometric information.

The SDSS contains spectroscopic information for ∼ 1% of the sources from these crossmatched sources.
Spectroscopic information can provide information about the type of these sources. SDSS primarily classifies
these sources in 3 categories, STAR, QSO, and GALAXY and then further classifies them into subclasses.
The sky-distribution and redshifts of these sources are shown in 10. Spectral classification can be useful for
photometric calibrations and the study of variability in known QSOs and stars. For this reason, we have
opted to include the additional sdss spec table in the database.

dσα∗ = σα cos δ. Here, σα and σδ are the errors in RA and Dec respectively.
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Fig. 6: The distribution of sources in the final catalog shown in galactic coordinate system.

Fig. 7: All crossmatched Gaia sources and their associated positional uncertainty max(σα∗ , σδ) shown in
ICRS frame coordinates. The unit of positional uncertainties is miliarcsecond(mas).

3.5. Comparison with previous Quasar catalogs

Prior to this work, Mandal et al. (2020) had presented a catalog of Quasars from the Million-Quasars
Database (or Milliquas) in the ILMT strip by crossmatching it with Gaia DR2. Quasars show negligible
parallax and proper motions and hence are well suited to be astrometric calibrators for surveys.

In their work, they have chosen a 34′ wide declination strip, taking into account the precession effects
from J2019 to J2029. The precession effects from the J2000 reference frame to J2019, however, were not
considered. This does mean that some parts of ILMT FoV will not be covered by the quasar catalog.
Although our work fulfills the role of a catalog for the astrometric calibration of fields observed by ILMT,
it can be argued that such a catalog of Quasars and Quasar candidates is very useful even outside the
calibration needs. As discussed by Mandal et al. (2020), Quasar variability studies can make use of such a
catalog. For this reason, we have reproduced their work using the latest Milliquas catalog (Flesch, 2021)
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Fig. 8: The distribution of parallax and Proper Motions in the final catalog.
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Fig. 9: The calculated G magnitude from Jordi et al. (2010) color equations is plotted against Gaia G
magnitude.

data in a 54′ wide declination strip and Gaia EDR3 data. The characteristics of the sources such as the
distribution of parallax and proper motion stay the same as expected. We have found crossmatches for
8029 quasars present in the new Milliquas catalog.

4. Applications of the catalog

4.1. Astrometric calibration of ILMT images

The precise positions of sources from Gaia listed in this catalog can be used for the astrometric calibration of
the ILMT field. Kumar et al. (2022) describe the data-handling pipeline and the process for the astrometric
calibration of ILMT fields in detail. This catalog will be infused into the data handling pipeline of ILMT.
After the pre-processing of the images, all the sources will be extracted and registered. A subset of these
objects will then be identified using the plate solving engine astrometry.net (Lang et al., 2010). After this,
the entire field will be crossmatched with Gaia data to derive the pixel to world coordinate transformation
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Fig. 10: Left figure shows the sky positions and Right Figure shows the redshift distribution of sources
from the final catalog that have spectroscopic information available in SDSS.

equations. This is where this catalog will be useful. These transformation equations can be derived using
this dedicated catalog, which should have little to no spurious sources, to place the ILMT fields in the
world coordinates system consistent with the Gaia EDR3 frame of reference. With a pixel size of 0.327′′

and median seeing of ∼ 1.1′′ at the Devasthal site, we expect to achieve sub-arcsecond astrometric accuracy
in the ILMT survey. To verify this, we have astrometrically calibrated several frames observed with the
ILMT, in the commissioning phase, using the method described above. Figure 11 shows the offset in the
calculated equatorial coordinates when comparing the astrometrically calibrated positions of a 17 minute
long TDI image (observed on 23-05-2022) to Gaia. As can be seen, the standard deviation in the offsets
in the Right Ascension and Declination are found to be 0.173′′ and 0.139′′ respectively with mean value of
∼ 0′′ in both the cases. A detailed description and analysis of the astrometric calibration will be presented
in Kumar et al. (in prep).
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Fig. 11: Normalized frequency distribution of the offsets in the calculated astrometric coordinates with
respect to the Gaia coordinates of one TDI frame observed on 23-05-2022 in g band with the ILMT. The
left panel shows the offset distribution in Right Ascensions and the right panel shows the offset distribution
in Declinations. The solid black curve indicates the Gaussian function fitted to the distribution with the
estimated mean (µ) and standard deviation (σ) of the best fit given at the top left corner.



October 21, 2022 1:48 main

12 Naveen Dukiya

4.2. Photometric Calibration catalog

Photometric calibration is usually performed by observing the Landolt equatorial standards that have
precisely estimated magnitudes (Landolt, 1992). But these photometric standard stars are mostly located
close to the celestial equator and very few of these sources lie inside the ILMT strip. Hence, it is not feasible
to calibrate the photometric data of ILMT using this approach.

We, therefore, present a catalog based on white dwarfs that may be used for the photometric calibration
of the sources present in the ILMT strip. White dwarfs possess a number of properties that make them
good calibration standards. These properties include stable photometric magnitudes (except for DAV and
DBV variables), and energy distribution from near-IR to UV. Also, most of them would be fainter than the
bright limit of ILMT. We have generated a separate catalog of spectroscopically confirmed white dwarfs by
crossmatching our catalog with the Montreal White Dwarf Database (MWDD) (Dufour et al., 2016) which
is a collection of spectroscopically confirmed white dwarfs and their properties aggregated from throughout
the literature. By doing this, we have the g, r, and i photometry of these white dwarfs available and it can
be used to calibrate the ILMT fields. There are 345 such white dwarfs in the ILMT strip which are shown
in Figure 12. This catalog can be a part of the photometric data reduction pipeline in due course of time.
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Fig. 12: Distribution of spectroscopically confirmed white dwarfs in the ILMT strip.

5. Summary

The ILMT is a survey telescope that will observe ∼ 120 square degree strip of sky, centered at declination
29°21′41′′, in three optical bands. In order to facilitate astrometric calibration of the observed images, we
have compiled a catalog of astrometric calibrators in this region. This catalog lists precise source positions
from Gaia, and photometric magnitudes from SDSS or PanSTARRS1 in g, r & i filters in the ILMT strip.
We have achieved this by cross-matching Gaia data with secondary catalogs.

The final catalog contains ∼ 3.56 million sources most of which are at low galactic latitudes. All the
sources have parallax < 10 mas, proper motion < 20 mas/yr and i band magnitude between 16.5 and 22
mag. The data are stored in a local server in SQLite databases for query-based access. The preliminary
analysis shows that standard deviations of offsets after performing astrometric calibration using this catalog
are around ∼ 0.15′′.

Apart from astrometric calibration, this catalog can also be used for photometric calibration. One such
method would be to employ white dwarfs as photometric calibrators. To achieve this, we have also prepared
a catalog of spectroscopically confirmed white dwarfs with SDSS photometry that potentially can be used
for the photometric calibration of the ILMT survey. A complete catalog of all sources that can be used as
photometric calibrators will be prepared in the future.
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C., Zakamska, N., Zamora, O., Zarrouk, P., Zasowski, G., Zhang, K., Zhao, G.-B., Zheng, Z., Zheng, Z., Zhou,
X., Zhou, Z.-M., Zhu, G. B., Zoccali, M. & Zou, H. [2017] AJ 154, 28, doi:10.3847/1538-3881/aa7567.

Chambers, K. C., Magnier, E. A., Metcalfe, N., Flewelling, H. A., Huber, M. E., Waters, C. Z., Denneau, L., Draper,
P. W., Farrow, D., Finkbeiner, D. P., Holmberg, C., Koppenhoefer, J., Price, P. A., Rest, A., Saglia, R. P.,
Schlafly, E. F., Smartt, S. J., Sweeney, W., Wainscoat, R. J., Burgett, W. S., Chastel, S., Grav, T., Heasley,
J. N., Hodapp, K. W., Jedicke, R., Kaiser, N., Kudritzki, R. P., Luppino, G. A., Lupton, R. H., Monet, D. G.,
Morgan, J. S., Onaka, P. M., Shiao, B., Stubbs, C. W., Tonry, J. L., White, R., Bañados, E., Bell, E. F.,
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González-Núñez, J., González-Vidal, J. J., Granvik, M., Guerrier, A., Guillout, P., Guiraud, J., Gúrpide, A.,
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