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Summary:  NEOWISE has observed the active 

Centaur 29P/Schwassmann-Wachmann 1 in the infra-
red at 3.4 and 4.6 microns at approximately six-month 
intervals for almost six years. In this poster we present 
a preliminary analysis of this set of imaging and pho-
tometry, and we give an assessment of the coma prop-
erties as well as of the variability of the dust-to-gas 
ratio in Centaur’s coma. 

Background:  Centaur 29P/Schwassmann-Wach-
mann 1 (hereafter SW1) is a cometary object orbiting 
just beyond Jupiter that has been continuously active 
since its discovery in 1927. SW1 is currently in a near-
circular orbit, with eccentricity just 0.045, although 
this evolves on roughly orbital time scales [1] (e.g. 
eccentricity was 0.15 at discovery). Nonetheless, 
though it currently receives near constant energy input 
from the Sun, it suffers from wide swings in its mass 
loss rate. These outbursts of activity are revealed by 
coma morphology (e.g. [2]) and photometry (boosts up 
to 5 mag are not uncommon [3]), and are potentially 
periodic [4,5]. SW1 is one of the largest active bodies 
known (with diameter ~60 km [6]), and it is the largest 
object currently residing in a dynamical gateway 
thought to be populated by objects transitioning be-
tween Centaurs and Jupiter-family comets [1].  

Motivation:  SW1 is sufficiently far from the Sun 
(~6 au) that it is unlikely that the classic driver of com-
etary activity, water ice sublimation, is at significant 
work here [7]. Instead, “hypervolatile” sublimation – 
of mainly CO ice and possibly also CO2 ice – is more 
likely, and indeed CO detections at radio wavelengths 
are now fairly routine (e.g. [8,9]). CO is also now pos-
sible to detect at infrared wavelengths from the ground 
[10]. The conversion of amorphous water ice to its 
crystalline form may also play a role, but actual water 
(either in solid or gas phase) detections in SW1’s coma 
are more difficult and much rarer [11,12]. In any case, 
it is possible that the dust and gas mass loss rates are 
not necessarily correlated, which would suggest that 
different parts of the nucleus have different drivers of 
activity, or that the composition and structure of the 
ice-rock matrix where the activity occurs varies, or 
both. We note that such a variety of activity types is 
consistent with, e.g., recent analysis of outbursts ob-
served in situ from comet 67P [13]. If it is truly the 
case that different regions on SW1’s surface throw 
material of differing dust-to-gas ratios into the coma, 
that has implications for larger questions about SW1’s 

structure and evolution and about the nature of come-
tary activity (e.g. [14]). 

Observations:  NEOWISE is an ongoing NASA 
mission that makes use of the WISE spacecraft and 
that is currently making a multiband, multiepoch, in-
frared all-sky survey with the specific goal of discover-
ing and characterizing near-Earth asteroids and comets 
[15]. NEOWISE also picks up more distant Solar Sys-
tem objects as well, and we report here a preliminary 
analysis of NEOWISE’s observations of SW1. 

The original WISE mission was launched in De-
cember 2009 as a cryogenic mission to observe the sky 
in four infrared bands, known as W1, W2, W3, and 
W4, centered on wavelengths of 3.4, 4.6, 12, and 22 
microns, respectively [16]. Observations of SW1 by 
WISE occurred in May 2010 but we present those re-
sults elsewhere and in forthcoming work [17,18,19]. 
NEOWISE is passively cooled (all the cryogens were 
used up in 2010) and so is only currently useful in 
bands W1 and W2. The spacecraft observes a specific 
location in the ecliptic twice a year. Given SW1’s ~15-
year orbital period, NEOWISE thus observes it ap-
proximately every six months. Table 1 provides a 
summary of observational circumstances to the data 
that we discuss here, with dates of observations, dis-
tance from SW1 to the Sun (r), distance from SW1 to 
Earth (Δ), and the mean anomaly (M) between SW1’s 
2004 and 2019 perihelia. We include in this dataset 
observations in late 2010 at the tail end of the primary 
WISE mission. 

 
UT Dates r (au) Δ (au) M (deg) 
2010 Dec 11-12 6.24 6.16 158 
2014 Feb 25-26 6.16 6.02 237 
2014 Aug 15-16 6.12 6.00 248 
2015 Mar 20-21 6.06 5.96 263 
2015 Sep 5-6 6.01 5.78 274 
2016 Apr 14-15 5.95 5.87 289 
2016 Sep 25-26 5.90 5.57 300 
2017 May 11-12 5.85 5.77 315 
2017 Oct 18-19 5.81 5.42 326 
2018 Jun 12-13 5.78 5.67 342 
2018 Nov 11-12 5.77 5.31 352 

Table 1. Observational circumstances of the 
WISE/NEOWISE W1 and W2 band data discussed in 
this presentation. 
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Analysis:  SW1 is sufficiently far from the Sun that 
W1’s and W2’s passbands include primarily scattered 
sunlight off of the dust grains in the coma. The dust is 
too cold so hardly any thermal emission is measured. 
The passband for W2 also includes ro-vibrational tran-
sitions for both CO and CO2: the 4.67-micron v = 1 – 0 
band for the former and the 4.26-micron ν3 (asymmet-
ric stretch) band for the latter. Thus observations in 
W1 and W2 can provide an assessment of both gas and 
dust being emitted from the Centaur. Our team has 
assessed the gas and dust production rates for several 
comets seen by WISE and NEOWISE in this way (e.g. 
[20,21,22]) and it is similar to analyses of Spitzer 
IRAC imaging (e.g. [23,24]).  

In this poster we will show the imaging in W1 and 
W2 bands from the eleven epochs of data in Table 1, 
describe the coma morphology, present photometry 
and the resulting estimates of dust production rate 
proxy Afρ [25] and CO/CO2 gas production rate, and 
assess the context of SW1’s mass loss and activity 
behavior over the course of its orbit. 
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