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Abstract

The 4m International Liquid Mirror Telescope (ILMT) continuously scans a 22" wide strip of
the zenithal sky and records the images in three broadband filters (g’, ¥’ and ') using a 4K x 4K
CCD camera. In about 10-12 hours of observations during a single night, ~ 15 GB of data
volume is generated. The raw images resulting from the observations in October—-November
2022 have been pre-processed and astrometrically calibrated. In order to exploit the scientific
capabilities of the ILMT survey data by the larger scientific community, we are disseminating
the raw data (along with dark and flat fields) and the astrometrically calibrated data. These data
sets can be downloaded by the users to conduct the scientific projects of their interest. In future,
the data will be processed in near real-time and will be available via the ARIES data archive
portal.
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1. Introduction

The 4 m International Liquid Mirror Telescope (ILMT) is a zenithal survey telescope lo-
cated at the Devasthal Observatory of Aryabhatta Research Institute of observational sciencES
(ARIES), Nainital, India. For image acquisition, the telescope is equipped with 1) a five-lens
optical corrector which also straightens the slightly curved trajectories of the objects in the sky;
ii) a 4K x 4K CCD camera operated in Time Delay Integration (TDI) mode and iii) three Sloan
filters—g’, ¥/ and i’ filters. The TDI mode continuously scans a 22’ wide strip of the sky at the
sidereal rate. A detailed description of the telescope and its sub-systems can be found in Surde;j
et al. (2018) and Surdej et al. (2024). The telescope achieved first light on 29™ April, 2022
(Kumar et al., 2022a) and subsequently began the commissioning period in October 2022.

In TDI mode, the effective integration time is 102 s which is equivalent to the time required
by celestial objects to move across the CCD. In the commissioning phase, each frame was
observed for 102 x 10 seconds ~ 17 minutes which results in an image dimension of 4096 x
40960 pixels. Each night any of the three Sloan g/, ¥/ or ¢’ filters is used for the observations.
In about 10-12 hours of observations during a single night, a data volume of nearly 15 GB is
generated.

The data acquired with the ILMT during the first commissioning phase in October—
November 2022 are pre-processed and astrometrically calibrated. A preliminary analysis of
this data has been accomplished and hundreds of known asteroids, space debris, nebulae, dis-
tant galaxies, stellar clusters etc. have already been identified. The scientific results and the
development of different software pipelines to perform automated astrometric, photometric cal-
ibration, image subtraction and identification of transient candidates were presented as posters
in the 3" BINA workshop. This clearly indicates the potential of the ILMT survey and the
wealth of data it has provided in its short operation time. In its nominal operation lifetime of
five years, with its unique survey capabilities of the zenith sky, the ILMT will undoubtedly lead
to new discoveries.

The data products of the first commissioning phase in October—November 2022 are publicly
available for download from the ARIESCloud service. The scientific community is free to use
and exploit the potential of these data. This paper provides an overview of the ILMT data format
and its availability in Section 2. A brief summary is provided in Section 3.

2. Data Format and Data Availability

The pre-processing of the images involves different steps like trimming, dark and flat cor-
rection. Since the observations are performed in TDI Mode, the first 4096 pixels which are least
exposed were removed. Along with the science frames, several dark frames were also acquired
which were used to create a median combined master dark frame. The dark subtracted science
images were used to create the 1D flat frames in each filter. The normalised 1D flat was further
used to divide the science image in order to get a flat corrected science frame. Thereafter, astro-
metric calibration was performed on the pre-processed images using the Gaia catalogue. The
astrometric solutions were appended in the FITS header. The headers of a representative raw
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20221028-0053.fits (] \ 20221028_0053_ws.fits ()

File Edit Font J File Edit Font J
PARAM96 = 1630.6 / CCD Temperature Setpoint,(-110.0 C) = DEC = '29:20:11.9" / 12000 |
PARAMI7 = 1880.0 / Operational Temp,(-85.0 C) OBJECT = 'obs-i-2022102'

PARAM98 = © / Not Used FILTER = 'i :

PARAM99 = 2 / Port Select, (C) [ = 74.61684513193664

PARAM100= © / Window Heater, (Disabled) F2 = 6.41216213667849E-08

PARAM101= 500.000 / Operational Pressure,(0.500 Torr) () = 0.000104119533020022

PARAM102= 4000.000 / High Pressure Limit,(4.000 Torr) Gl = 29.35290902207658

PARAM103= 0 / BPSensor Override, (Disabled) G2 = 1.28605478335499E-09

PARAM104= 1 / Cooler, (Enabled) G3 = -9.0803977806163E-05

PARAM105= 1 / Trigger Out Selector, (TTL) G5 = -3.8240330083964E-11

PARAM106= 1/ Trigger In Selector, (TTL) RELATION= 'RA = f1 + ((x-x0) * f2) + ((y-y@) * f3) and DEC = gl + ((y-y@) * &'
PARAM107= © / Acquisition Mode, (Normal) CONTINUE 'g2) + ((x-x0) * g3) + ((x-x0)*(x-x0)*g5)"

PARAM108= 1/ Trigger Input, (Pull Up) CTYPE1 = 'RA---CAR-SIP'

PARAM109= 1/ Trigger Input 2, (Pull Up) CTYPE2 = 'DEC--CAR-SIP'

PARAM110= © / UART 100 byte Ack, (0ff) CUNIT1 = eg '

PARAM111= 1730.0 / CryoTiger Low-Flow Begin, (-100.6 C) CRVAL1 = 74.61684513193664

PARAM112= 1830.0 / CryoTiger Low-Flow End,(-96.0 C) CRPIX1 = 2049

PARAM113= 1 / Pixel Clear,ns CUNIT2 = 'deg .

RA = '04:55:22.04" / 12000 CRVAL2 = 29.35290902207658

DEC = '29:20:11.9"' / 12000 CRPIX2 = 18433.0

CRPIX1 = 2159.6 1.1 = 6.41216213667849E-08

CRPIX2 = 1894.8 CD1 2 = 0.000104119533020022

CDELT1 = 9.1E-65 (D2 1 = -9.0803977806163E-05

CDELT2 = 9.1E-05 CD2_2 = 1.28605478335499E-09

CTYPE1 = 'RA---CAR' EQUINOX = 2022.823758714085

CTYPE2 = 'DEC--CAR' RADESYS = 'FK5 4

CRVAL1 = 72.476313 PV1 6 = 1

CRVAL2 = 29.3615 PV1 1 = 74.61684513193664

CUNIT1 = 'deg ) PV1 2 = 29.35290902207658

CUNIT2 = 'deg g A_ORDER = 2

EQUINOX = 2022.82513 A2 0 = 4.21130556990071E-07

PC1 1 = AO2 = 0.0

PCl1 2 = 1.0 B_ORDER = 2

PC2 1 = -1.0 B 20 = -2.5935166378539E-10

PC2 2 = 0.0 BO2 = 0.0

OBJECT = 'obs-i-2022102" LONPOLE = 0

FILTER = 'i ' LATPOLE = 20

COMMENT TDI Internal Paced, Exp Time= 00, Saved as: obs-i-20221028 0053.FIT / COMMENT TDI Internal Paced, Exp Time= 00, Saved as: obs-i-20221028 0053.FIT /
END END

L 8y £ -
g = < =

Figure 1: The FITS headers of the ILMT raw image (left) and astro-
metrically calibrated (right) image.

FITS file and an astrometrically calibrated FITS file are shown in Fig. 1. More details on data
reduction steps can be found in Kumar et al. (2022b).

As a first step toward disseminating the ILMT survey data to the scientific community, we
are providing access to the data via ARIESCloud service. In the main folder “ILMTZenithal-
Survey Data”, there are three sub-folders, namely “calibration_files”, “rawdata” and “wcs cor-
rected data”. The best 1D dark frames and flat fields in g/, 7 and i’ bands can be accessed in
the “calibration” folder. These can be used to pre-process the raw data. The raw data and wcs
corrected data folders contain the raw and pre-processed and astrometrically corrected files,
respectively. The data within these two folders are arranged date wise on which observations
were acquired with the telescope. The naming convention followed for the raw and astro-
metrically calibrated files are RAW_yyyymmdd_filter_LST.fits and yyyymmdd_filter_LST.fits,
respectively. For example, an image recorded on 01 November, 2022 at 01:45 LST in 7/ filter is
named RAW_20221101_r_01h45m.fits and the corresponding astrometrically corrected file is

named 20221101 _r_01h45m fits.

A snapshot of the folder structure of the ILMT Zenithal Survey data on ARIESCloud is
displayed in Fig.2. In total, there are nine nights of observations in the first commissioning
phase which form the first ILMT data release. The observed LST starting times and avail-
ability of data during the first commissioning phase in October—November 2022 are tabu-
lated in Table 1. The data products are available for download via ARIEScloud service (https:
/[cloud.aries.res.in/index.php/s/xPER9Y3XuaCsTL9). For details on the data policy and data
access, visit this webpage (https://www.aries.res.in/facilities/astronomical-telescopes/ilmt).
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Figure 2: Snapshot of the directory structure of the ILMT zenithal sur-
vey data.
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Table 1: LST starting times in the period from 24th October to 1st November in 2022
with the ILMT in different filters.
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3. Summary

The ILMT saw its first light on 29" April 2022 and has since then been undergoing the
commissioning phase required to fine-tune the performance of the telescope. The nine nights of
data gathered during the first commissioning phase in October—-November 2022 have resulted
in the identification of several tens of asteroids, space debris, star clusters, galaxies etc. The
automated pipelines required to perform astrometric and aperture photometric calibrations on
the ILMT data set are complete. As a result, the ILMT data for wider use by the scientific
community are made publicly available. The raw and astrometric calibrated data can be down-
loaded from the ARIESCloud service. In this article, we have summarised the data format and
availability of the data. The authors are requested to mention 4 m ILMT in title or abstract of the
research publication. Details on the data policy are mentioned on the ARIES ILMT webpage.
The next data release is planned for December 2023.

ARIES is in the process of developing a full-fledged data archival system which will host
the data from all observing facilities at ARIES. In future, raw and calibrated ILMT data will be
made available to the community via the ARIES data portal in near real time.
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