Detection and Identification of Asteroids with the 4m ILMT
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Abstract
A very unique strength of the Devasthal Observatory is its capability of detecting optical transients with the 4m International Liquid Mirror Telescope (ILMT) and to rapidly follow them up
using the 1.3m Devasthal Fast Optical Telescope (DFOT) and/or the 3.6m Devasthal Optical Telescope (DOT), installed right next to it.
In this context, we have inspected 20 fields observed during 9 consecutive nights in October-November 2022 during the first commissioning phase of the 4m ILMT. Each of these fields
has an angular extent of 22’ in declination by 9x22’ in right ascension. Combining both a visual search for optical transients and an automatic search for optical transients using an image
subtraction technique (see the ILMT poster by P. Kumar et al.), we report a total of 232 significant transient candidates. After consulting the Minor Planet Center database of asteroids, we
could identify among these 206 positions of known asteroids brighter than V=22 mag. These correspond to the confirmed positions of 75 distinct known asteroids. Analysis of the
remaining CCD frames covering 19 more fields (out of 20) should lead to an impressive number of asteroids observed in only 9 nights.
The conclusion is that in order to detect and characterize new supernovae, micro-lensing events, highly variable stars, multiply imaged quasars, quasars ... among the ILMT optical
transients, we shall first have to identify all known and new asteroids.
Thanks to its large diameter and short focal length (f/D ~2.4), the ILMT turns out to be an excellent asteroid hunter.
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Introduction Results and conclusions
First Ilght_has been obta!ned W'th_the 4m ILMT on 29 April 20_22', The ”‘,MT consists of a high precision Concentrating on the 22’ x 198’ field taken at the Local Sidereal Time 4h 22m, we report a total of 232 optical
photometric and astrometric survey instrument observn'_\g at the ze;mth in the Time Delay Integration (TDI) mode transient candidates. After consulting the Minor Planet Center database of asteroids, we have found that 206 of
(see the ILMT poster by Surdej et al. for more details). The singly scanned CCD frames correspond to an these optical transients correspond to the positions of 75 known asteroids brighter than V=22 mag.
integration time of 102 sec, i.e. the time an object’s image remains within the active area of the detector. Among these, we find that 1 (resp. 1, 3, 2, 6, 11, 6, 19, 26) asteroids have been detected on 9 (resp. 8, 7, 6, 5, 4
A unique niche for the 4m ILMT is the detection of optical transients for which rapid spectroscopic follow-up 3,2.1) nights: (see Table 2 and Fi.gs! 2‘an,d :’3) T IR
3\?;(\9/:;?222Esw\lltgr:/hrijéir?nltje?e;g dd;;e;g:hgil;ngg f\grltz;?iga} 3;223! i?\ rti-STLha?zgsgr\?;tiiizllgo?;rcntiz zlljjtr.ing Analysis of the remaining CCD frames covering 19 more fields (out of 20) should lead to an impressive number
9 nights in October-November 2022. They consist of 3 times 3 nights using the g, r and i Sloan spectral filters. of asteroids observed in just 9 nights. The ILMT turns out to be an excellent asteroid hunter.
Among these, only the i-band observations were obtained during 3 consecutive nights (28-30 October 2022). | g
Our first approach for detecting optical transients has been to start with a visual search for transients (see Fig. ( " Asteroid Nights " Asteroid Nights # Asteroid Nights )
1). These detections were then used to calibrate an automatic search for transients making use of the image Table 2:
subtraction technique. We then noticed that optical transients associated with many triplets showed similar List of the 78 1 .-@87600)2003 103 (4 27 (285615)200008233 5 53 (RI1309) 20001y 2
angular separations and orientations. They naturally consisted of good asteroid candidates. This was confirmed asteroids ; :f:i;?;:;g:z:‘éz! f ;2 3:;;:;:;3?: ::::24 7 :;: zzzgizgiiggzjc\g‘sor ;
after consulting the asteroid database of the Minor Planet Center. We then made use of the optical transients detected with 4 (72368)2001CT2 3 20 (475009)2006 Y27 % S5 166305)19991038 2
detected in the other spectral bands (g and r) to extend our search for asteroids and other transient candidates. the ILMT 5 (7377)Pizarello 2 31 2011 K46 8 57 2005 UB252 1
We present hereafter the observations and a detailed analysis of just one out of the 20 fields imaged with the during 9 6 (121771)2000 AN3 2 32 (585743)2019 806 1 58 2016 EL276 1
ILMT in October-November 2022. 9 ti 7 2009UD159 1 33 (243494)2009 UF74 9 59 (290365)2005 SV266 3
\ J| consecutive 8 (528498)2008U072 2 34 (488998)2005 URA6S 3 60 (599255)2009 UD168 1
- N nights in 9 (574664)2010TV179 1 35 (54958) 2001 PK8 2 61 2013 HS101 1
October- 10 (271811)2004TV106 1 36 (59790)1999 NRS6 7 62 (349593)2008 1661 1
: : : November 11 2022 5X245 1 37 (232625)2003 UQ177 4 63 (356264)2009 VE25 6
Observat|0ns and Deta"ed AnalySIS 2022 12 (38733)2000 QF141 4 38 2005 UY125 1 64 (65781)1995 11 1
#indi.cates 13 (147247) 2002 XAS0 7 39 (350968)2003 CH14 2 65 (351688)2006 8046 2
We have summarized in Table 1 the log of the observations collected with the ILMT in October-November 2022. their label 14 2011 WM;M , 4 40 1_14091411"001 VHE0 1 bf; (1010331998 QRS2 :
Under each date (cf. 24/10/2022), are listed the spectral band (cf. r) used on that night, the Local Sidereal Time displayed in :: [120515123;;99 WD : :: fﬁf;s:’(fiw”om f :a :j;;jé;;jgg; ;V;;’O 4
(cf. 00h:03m) at which the exposure has started and the associated file number (cf. #35). Each field covers a Fig. 2. The 17 (87719)2000 5145 4 43 (39161) 2000 WH117 2 69 (166170)2002 EPS2 a
rectangular solid angle of 22’ x 198’ with its length aligned along the right ascension axis. Iast. célumn 18 (595633)20035C300 5 a4 0 70 (89412)2001 WV16 4
Each of these fields has been observed during three consecutive nights with the i filter (i.e. the nights of 28, 29 indicates the 19 (261417)2005U489 3 45 (91818)1999 TU267 4 71 (402103)2003 WM108 1
and 30 October 2022). Defining an optical transient as being a source appearing clearly on only one of the three number of 20 (273964)2007 KS7 5 46 (594349)20006211 1 72 '1‘933{337013 8v80 s
i-band frames and an asteroid candidate as consisting of three transients detected at the three different epochs, nights they ;; {i;;:sg:;ggz g'(w”:; ; :; ':22;13’;%2:1}::,, : ;: ;Sii :‘;';1103 :
showing similar angular separations while being properly oriented as a function of time, a total of more than 160 were 23 (15%)4.2004 €C37 2 49 ;005 UF171 " 1 75 r:;s;m\mm VA6 3
asteroid candidates have been visually identified. Furthermore, we report in these same fields 611 additional i- observed 24 0 50 0 76 ,:;50774')5‘,.0._.“ 2
band detections of transients which could be other known or new asteroids, highly variable stars, quasars, ' 25 2019NX78 1 51 (304478)2006 UVES 2 77 {363975)2005 UU154 1
supernova candidates, etc. 26 (37765)1997 GF11 5 52 (169617)2002 GC128 1 78 (568211)2003 SM444 1
Concentrating on just one of those 20 fields, i.e. the field with its RA (2022.8) starting at 04h32m, we have > <

visually identified 18 known asteroids reported in the database of the Minor Planet Center. Making use of the
automatic identification of transients based upon the image subtraction technique applied to the three g, r and i-
band CCD frames covering this same field (see the ILMT poster by P. Kumar et al.), we could identify 57
additional known asteroids reported in the Minor Planet Center database. Furthermore, 39 additional transients
have been identified on the basis of the g, r and i-band CCD frames covering this unique field.

Figure 1 illustrates the optical identification of three positions of a same asteroid on the nights of 28 (blue colour),

\_29 (yellow colour) and 30 October 2022 (red colour). Y, 28 Oct 26 Oct o ~r - o 1 Ot v
e N -l?* —= :{S\ 21 1672622 _,
Table 1: Log of observations collected in October-November 2022 with the 4m ILMT (see text). 29.4 4 ~ f"2~-18 T 39,?’*’ 3
24/10/22 25/10/22 26/10/22 27/10/22 28/10/22 29/10/22 30/10/22 31/10/22 1/11/22 N N R
r band r band g band g band | band i band i band g band r band Dec 5 -
0003 #35 00:03:00 #22 00:03 #30 00:03 #27 00:03 #27 00:03 #21 00:03 #23 6 8
00:24 836 00:24:00 #23 00:25 #33 00:24 #31 00:24 »28 00:24 #28 00:24 822 00:24 824
00:42 #37  00:44 #24  00:42:10 834 00:42 832 0042 #29 0042 #29  00:42 423 002 25 || 2927 2%-.4
01:08 #38 01:08 #25 01:08 #35 01:08 ¥33 01:08 #30 0108 #30 01:08 #24  01:08 ¥26 L
01:26 #39 01:26 ¥26 01:26 W36 01:26 #31 01:26 ¥34 01:26 #31 1:26 w31 01:26 #25  01:26 ¥27 59.5
01:45 840 01:45 w37 01:45 ¥32 01:45 #35 01:45 #32 01:45 #32 01:45 W26 0145 #28 | \_
02:03 841 02:03 #27 02:03 #38 02:03 #33 02:03 #36 02:03 #33 02:03 #33 02:03 W27  02:03 ¥29
02:21 842 02:21 #28 02:21 #39 02:21 #34 02:21 #37 02:21 #34 02:21 #34 02:21 #28 /
02:39 #43 02:39 #29 02:35 840 02:39 #35 02:39 838 02:39 #35 02:39 #35 02:35 #29  02:39 #31
03:54 #53 03:54 #39 03:54 #S0 0356 843 03:54 ¥50 03:54 #a6 03:54 84S 03:54 840
04:12 ¥54 04:12 40 04:12 851 04:12 844 04:12 #51 04:12 #47 04:12 #46 04:12 #44  04:12 841
04:32 #55 04:32 841 04:32 052 04:32 845 04:32 ¥52 04:32 w48 04:43 147 04:32 W45 04:32 a2
04:50 ¥S6 04:50 842 04:50 #53 04:50 846 04:50 #53 04:50 Ma9 04:50 w48 D4:50 #46  04:50 wa3
05:08 #57 05:08 #43 0508 #54 05:08 847 05:08 #54 05:08 #50 0508 #49 05:08 #47  05:08 #44 Fig. 3:
05:26 858 05:26 844 05:26 855 0526 848 05:26 855 05:26 #51 05:26 850 05:26 #48 05:26 845
05:44 859 05:44 845 05:44 856 05:44 849 05:44 #56 05:44 #52 05:44 #51 05:44 849 05:44 846 Examp|e of an
06:02 #60 06:02 846 06:02 887 0602 #50 06:02 857 06:02 #53 06:02 #52 06:02 #50 06:02 847 asteroid (3548
06:20 #61 06:20 w47 06:20 #S8 06:20 #51 06:20 ¥58 06:20 #54 06:20 ¥53 06:20 W51  06:20 M8 Eurybates)
06:38 #62 06:38 448 06:38 W59 06:38 852 06:38 ¥59 06:38 ¥55 06:38 NS4 06:38 W52  06:38 849 observed with
065 065 0656 853 - %656 06:56
L 06:56 #63 06:56 849 06:56 #E0 0656 53 06:56 #60 06:56 ¥56 06:56 #55 06:56 453  06:56 #50 ) the 4m ILMT

Fig. 1: Excerpt of a RGB-like composite picture
consisting of the superposition of three i-band CCD
frames recorded with the ILMT on the nights of 28 (blue
dot), 29 (yellow dot) and 30 (red dot) October 2022. Near
the red dot, an additional blue one is visible
corresponding to another optical transient detected on 28
October. Most of the stars which are present on the three
frames appear white-like on this picture. Visual inspection

of such frames easily leads to the identification of optical
transients.

Fig. 2: Paths of the 75 asteroids detected with the 4m ILMT in the 04h 32m LST field during 9 consecutive nights
in October-November 2022. The horizontal and vertical axes represent respectively RA cos(Dec) and Dec in
degree, where RA is the right ascension and Dec the declination of the asteroids for the 2000 epoch. The numbers
refer to the asteroids listed in Table 2. The different coloured symbols correspond to the asteroid positions
observed during the different nights.

on 7 consecutive
nights in October
2022 using the g,

r and i Sloan filters.
The blue streak is
the signature of a
passing space
debris.
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