Observations of Disintegrating Long-period Comet 2019 Y4 (ATLAS): A Sibling of
C/1844 Y1 (Great Comel)
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Abstract

We present a study of/@Q019 Y4 (ATLAS) using Sloargri observations from 2020 mid-January to early April.
During this time span, the comet brightened with a growth in the effective cross-se¢®i@h of0.Jo0 16 m*sd

from the beginning to 70 days preperihelion in late 2020 March, followed by a brightness fade and the comet
gradually losing the central condensation. Meanwhile, the comet became progressively bluer, and was even bluer
than the Sufg r 0.2 when the brightness peaked, likely due to activation of subterranean fresh volatiles
exposed to sunlight. With the tailward bias-corrected astrometry we found an enormous radial nongravitational
parameterp, ( 2.25 0dl3 10fauday? in the heliocentric motion of the comet. Taking all of these
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Figure 1. Selected-band coadded images of comet2019 Y4 (ATLAS) from NEXT at Xingming Observatory, with intensity stretched in the same logarithmic
scale. Dates in UT are labeled. In the lower left a scale bar af 3&ngth is shown and applicable to all of the panels. The red and white arrows respectively mark the
position angles of the antisolar direction and the negative heliocentric velocity vector projected onto the sky plane. Equatorial north isigpedind basomet
appears slightly trailed in the upper panels because the individual exposure times were longer and the telescope did not track nonsidereally.

catalog(Magnier et al.2013 using field stars with Sun-like

colors(defined as color indices withit0.2 mag from the solar

value. The zero-points were then converted to the Sloan

Digital Sky Survey(SDSS photometric system using the

relation derived in Tonry et al2012. The procedure was

performed withPHOTOMETRYPIPELINEMommert2017).
Additional Sloang-, r-, andi-band images of £2019 Y4

were obtained with the Large Monolithic ImageMI; Massey

et al. 2013 on the 4.3 m Lowell Discovery TelescofeDT,;

formerly known as the Discovery Channel Telesga@eking

nonsidereally on 2020 January 15 and March 1. These images

have afield of view of 123 x 12/3, with a pixel scale of @4

clter 2 2x 2 onchip binming, and & pical M oL for e el Obseton Dav T v s A

the ﬁe.ld stars. We handled and photometrically calibrated thesc%lle bar of 15in length is given. The red andr)\:vhite arrows bear the same

LDT images following exactly the same procedures that We meanings as in Figure Equatorial north is up and east is left.

applied to the NEXT images. Figur2 shows two of the

individual r-band images of the comet from the two nights .qnstant and sunikge., (- i)s 0.12  0.02:Wilmero

at LDT. . . _— 019 given the measurement uncertainties, the color acrogs the
We summarize the observations and the viewing geometry ofyq hands seems to indicate that the comet had a bluing trend
C/2019 Y4 from NEXT and LDT in Tabla. from a reddish colofg r 0.6, in comparison to the Stn
g 1o 0.46  0.04;Willmer 2018 since 2020 January,
2.1. Lightcurve and Color reached a dip at an epoch 060 days preperihelion, when the
comet appeared even bluer than the@unr 0.2, and began
We took measurements of comet2019 Y4 in the NEXT o be reddening afterwards. Accordingly, we argue that the bluing
and LDT images using an aperture fked linear radius  dip was caused by gas emission from a massive amount of
o 10°km projected at the distance of the comet from the previously buried fresh volatiles suddenly exposed to sunlight,
optocenter. The equivalent apparent angular size of the aperturgdicative of a disintegration event in 2020 mid-March.
!s always large enough such that the slight trailing of the comet \we evaluated the intrinsic lightcurve of the comet by
in the NEXT data from 2020 January to February would not be correcting the varying observing geometry and computed its

a concern. Figure3(a) shows our multiband lightcurve  absolute magnitude from the apparent magnitude using
measurements as functions of time, in terms of time from the

epoch of perihelion passage of ZD19 Y4 (t,= TDB 2020 m(1,1,0 m(ru,A,«) Slogryd)  2.5log(a) ,

2020-01-15 2020-03-01 N\

May 31.0. The comet apparently brightened on its way to (D)

perihelion in a continuous manner until z, 2 70days, ) ) ) )

after which the downtrend in brightness was seen. in which is the magnitude bandpass, and  are the
We also show the color of the comet in termg of r andr i heliocentric and topocentric distances, respectively, both

color indices respectively in theft and right panels of Figurg expressed in astronomical units, ar(d) is the phase function

Interestingly, while the i color index of the comet remained of the comet, approximated by the empirical Halley-Marcus
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Table 2
Bestfit Orbital Solutions for Comet Pair/€844 Y1 and €2019 Y4 (Heliocentric Ecliptic J2000)0
C/ 1844 Y1 Q2019 Y4
Quantity Gravity-only Nongravitational
Value 1 Uncertainty Value 1 Uncertainty Value 1 Uncertainty
Perihelion distancéau) q 0.250355 3.6% 10 4 0.252828387 9.66 10 7 0.25281721 42% 10 ©
Eccentricity e 0.998910 5.7& 10 ¢ 0.99924798 1.94 10 ¢ 0.99918998 1.2%& 10 ¢
Inclination (°) i 45.5615 1.0 10 2 45.382208 4.6% 10 4 45.386566 6.0 10 *
Longitude of ascending nod&) 120.6146 2.8 10 ? 120.570633 4.3& 10 * 120.574731 5.6&% 10 4
Argument of perihelior{®) 177.4665 7.26¢ 10 2 177.408982 3.7% 10 4 177.411655 1.56& 10 4
Time of perihelion(TDB)? t, 1844 Dec 14.18922 1.6¥ 10 3 2020 May 31.012757 1.99 10 42020 May 31.020035 1.49 10 4
Nongravitational parametefau day %) A, N/ A N/ A N/A N/A +2.255% 10 7 1.27x 10 8
A, N/ A N/A N/A N/A 3.05x 10 ® 1.01x 10 8

Osculation epociiTDB) JD 2395001.5= 1845 Mar 11.0 JD 24589415 2020 Apr 2.0 JD 2458941.5 2020 Apr 2.0

Observed arc 1844 Dec 24-1845 Mar 11 2020 Javat 1 2020 Jan3Apr 2

Number of observatiofis 70 (10 71 (33 104 (0)

Mean rms residud] ) +15.521 +0.112 +0.126

Notes.

& The corresponding uncertainties are in days.

® The unbracketed number is the number of observations used for the orbit determination, whereas the bracketed is the number of observatangliejected a
Note that, however, in the gravity-only solution faf2D19 Y4, the rejected observations are all from 2020 March 13 to April 2. See Skdtfon details.

along the total angular momentum of the primary fragment, andproduced €1844 Y1 and €2019 Y4 occurred around the
the transverse axis constructed to form a right-handedprevious perihelion passage, which waskyr ago, and the in-
orthogonal system. At some split epoigh, the state vector  plane component of the separation velocity between the pair
of the primary fragment was computed from the orbital was 1ms ! can the observed difference between the
elements. The total velocity of the secondary fragment wasperiapsis epochs of the pair be caused by separation speeds
updated by adding the separation velodity,to the velocity within the known range of split comets. Another conclusion we
of the primary fragment. Thereby a new state vector wascan draw is that the out-of-plane component of the separation
obtained, which was then converted into the orbital elementsvelocity between the pair alone cannot bring about the
for the secondary fragment. observed periapsis epoch difference, which is similar to what
We searched for conditions that should be Batisfor the =~ Sekanina & Krach(201§ found for another comet pair/C
split between €1844 Y1 and €2019 Y4 from the latest 1988 Fl(Levy) and @ 1988 J1(ShoemaketHolt).
possible orbital revolution, such that the observed gap between To ensure that the planetary perturbation will not drastically
the periapsis moments of the comet pair can be achieved. Givealter the conclusion we drew based on the simplistic two-body
the periodicity of their orbits, there is an ifidte number of ~ model, we also employed our code, which includes planetary
desired conditions from more than a single orbital revolution perturbation and has been utilized to analyze the split event of
ago. The reason why we consider only the latest possibleactive asteroid #2016 J1(Pan-STARRS; Hui et ak017), to
orbital revolution for the split event is as follows. First, comet find a bestit nonlinear least-squared solution to the split
C/2019 Y4 is fragmenting in the current apparition, indicative Parameters between €844 Y1 and €2019 Y4. We treated
of the nucleus as a loosely bound aggregate as typical cometar§y/ 2019 Y4 as the major component, and used its nominal
nuclei (e.g., Weissman et aR004 and citations therejn orbit. The major difference here from the application in Hui
Second, given that the number of the observed split events oft al. (2017 is that, instead ofitting a list of topocentric
long-period comets was 30 among a total number of10? astrometric observations, wgtted the .hellocentrlc orbltal
long-period comets discovered in the pad50 yr (identiied elements of €1844 Y1 (Table 2) with the associated
using the JPL Small-Body Database Search Ejgime can covariance matrix from Sectio8.1, and minimized the
estimate a lower limit to the splitting rate a&% per century ~ ollowing quantity
for each long-period comet, which is comparable to the one for 2 T
short-period comet§ 3% per century per comet; Boehn- X (g Ve, Vi V) BW B (6
hardt 2004. Assuming that all long-period comets behave
alike, within one orbit( 5 kyn) around the Sun, their weight matrix determinable from the covariance matrix of the
progenitor (or any of its descendantsvould experience at bital el e , fC/1ma Y1
least one split event. Therefore, limiting our search for the splitor. tal elements- 9. e, 0, o [p.) 0 o g,
between comets/844 Y1 and €2019 Y4 only within a time ~ Milani & Gronchi 2010. Using different initial guesses,
frame not too much more than one orbital revolution in the pastW€ Soon realized that unless adopting an exhaustive and
is a reasonable c6nement. extensive search, which will be extremely time consuming, the
In Figure7, we plot the change in the periapsis epothas code would converge to different solutions, indicative of the
a function of the RTN components of the separation velocity existence of multiple local minima. We present two of the best-
and the split epoch. We can learn that only if the split event thatfitted solutions we obtained in Tabde Although there is no

where E is the orbital element residual vector afds the
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