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Overview
• Open source package (LINCC-Frameworks template) to enable detection/analysis 

of small body activity in the LSST alert stream, e.g.


• Dynamically new comets/ISOs


• Small body collisions


• Cometary outbursts


• Enhance the LSST alert via analysis of the cutout image and predicted brightness


• Development between QUB and Edinburgh, LSST:UK Phase C (WP3.6) - 
community input welcome!



Cutout analysis
adler will perform additional analysis of cutout images in the LSST alert stream to detect and quantify activity

Wedge photometry 
Excess flux in azimuthal bins, retrieve tail direction

Noisechisel 
Image segmentation of low surface brightness sources

Didymos (ZTF difference image)



Phasecurve analysis
• Unresolved activity may appear as 

abnormal brightening: are new 
observations consistent with the existing 
phase curve model?


• Update the phase curve model when 
sufficient new observations are available


• LSST Solar System Processing (SSP) 
calculates phase curve parameters for 
each filter in the HG12 Penttilä et al. 2016 
model (see DPDP lsst/LSE-163)


• Adler will search for outliers from expected 
phase curve

reflecting this (imperfect) knowledge. A preliminary run on the
ZTF data with only a uniform prior on Hr indicated the median
offset between our measured r-band absolute magnitudes and
the absolute magnitudes (in the V band) tabulated by the JPL
Small-body Dataset was 0.04 magnitudes. For the our final run,
we then set the prior on Hr to be a Gaussian with a mean at
MJPL+0.04 and a standard deviation of 0.5, reflecting the
spread observed in our initial run. The prior on off1 and off3,
the change in absolute magnitude from one opposition to the
next, is a Gaussian with a mean at 0 and a standard deviation of
0.1. We expect the magnitude offset between oppositions to be
small, given that the light curve must change continuously from
season to season as the viewing geometry of asteroid changes.
Empirically, we find the offset is generally less than 0.2 in
either direction. The specific values of all of the priors have
little effect on the final results except in the cases where not
enough data points exist to constrain parameters, in which case
the corresponding uncertainties reflect out poor knowledge of
the derived parameters.

For f, we strongly bias the prior to a small number of outliers
by using the function ( ) ( )p=p f fcos 2 10 We also truncate f
to ensure that the likelihood does not sum to less than zero.
Because the maximum range of Δm is 3 mag (due to our cutoff
of large outliers), we limit f to values below 0.33.

We show example fits to Trojans (617) Patroclus, (11351)
Leucus and (421382) in Figures 2, 3, and 4, respectively. The
measured parameter values for each asteroid are shown in
Table 1.

The large bright Trojan (617) Patroclus was observed 90
times by ZTF (44 in the r filter and 46 in the g filter), which is
on the higher end for the Trojan asteroids examined in this
study, giving tightly constrained results (Figure 1). It was
observed in three oppositions and, as a result, three rotational
amplitude values were measured. The rotational amplitudes for
the 2019 and 2020 oppositions are shown in Figure 2. Two

offset values, those between the 2018 and 2019 oppositions and
between the 2019 and 2020 oppositions, were measured. The
rotational amplitude and mean absolute magnitude changes
little from season to season.
(11351) Leucus is an example of a Jupiter Trojan with a

larger rotational amplitude (Figure 2). The bifurcation between
the points clustered at the top and bottom of the light curve is

Figure 2. The model fit to ZTF observations of (617) Patroclus. The data and
uncertainties for the g and r filters are plotted in green and red, respectively.
The detection limit of each observation is denoted by the star symbol. The
phase curves shown randomly selected samples from the MCMC and thus
approximately represent the probability distribution of expected magnitudes.
When the results are well constrained, the density of curves will match the
density of data points at each magnitude. The resulting posterior distribution of
each parameter is shown to the right of the phase curve fits. The median value
is indicated with the black arrow. The range of light blue colors represents
covers the 68% of data with the highest density.

Figure 3. The model fit to ZTF observations of (11351) Leucus. The data,
models, and results are as in Figure 2.

Figure 4. The model fit to ZTF observations of Trojan asteroid 421382.The
data, models, and results are as in Figure 2.

Table 1
Results for Trojan Asteroids (617) Patroclus, (11,351) Leucus, and 2013 UE4

(421,382)

(617) Patroclus (11351) Leucus (421382) 2013 UE4

A1 0.07±0.03 0.7±0.1 <1.2
A2 0.04±0.03 0.6±0.1 <0.7
A3 0.03±0.01 0.8±0.1 <0.6
G 0.20±0.03 0.1±0.1 0.1±0.3
Hr 8.04±0.02 10.8±0.1 12.9±0.3
off1 0.00±0.02 −0.01±0.05 0.0±0.1
off3 0.08±0.01 0.02±0.05 0.05±0.09
g–r 0.51±0.01 0.58±0.04 0.6±0.1
f 0.000 7±0.0005 <0.004 <0.02
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new observation, activity?



Small body colours
• A colour is generally calculated from well defined phase curves in multiple filters


• Adler will search for changes in colour, e.g. changing ratios of gas:dust during cometary activity


• Compare new data in observation filter to the brightness in the reference filter (parameters can 
be adjusted)



Updates

• Adler can ingest MPC and EDP2 catalogues.


• Image analysis:


• dp1 cutout service (no comets, difference imaging not great)


• 3I data (crowded field and no diffs)


• ZTF (for testing) and LSST alerts (limited cutout size and fits header 
WCS)



Current catalogue data
DP1 MPC (processed) EDP2

N_observations 5,988 3,386,502 (1,813,287) 8,136,150

N_sso 431 145827 (94,693) 299,343

Available at RSP
https://b612.ai/rubin-mpc-

downloads/ 
(Discovery Alliance #solar-

system)

RSP

There is also data (photometry and cutouts) in the alert stream

https://b612.ai/rubin-mpc-downloads/


Minor Planet Center
• SSSC effort (Meg Schwamb et al.) 

to use layup to calculate 
additional ephemerides 
information for each observation:


• phase angle, heliocentric 
distance, topocentric distance 
etc


• Generally poor phase angle 
coverage

https://github.com/Smithsonian/layup 

https://github.com/Smithsonian/layup


Early Data Preview 2
• Wide range of phase angle coverage


• Very large tables - need to start 
being sensible with queries...

EDP2 coverage (299343 objects)



3I commissioning data
• Special commissioning dataset for only official active object in Rubin data, no difference images: 

https://prompt-products.lsst.io/products/3i-atlas/index.html


• Initial Noisechisel tests:

ObjectsInput Catalogue

https://prompt-products.lsst.io/products/3i-atlas/index.html


Outstanding Issues
• MPC: submissions from Rubin not yet at full production - SSP are prioritising high confidence tracks


• EDP2: no comets associated (there are most likely some in there) and no visit images for activity detection


• Prompt products:


• currently difficult to query brokers for SSO alerts (easy once we have ssObjectId/diaSourceIds!)


• PPDB planned for Sep-Oct but expected limitations on queries (RTN-011 section 5.2.1)


• no comets (successfully) associated by pipeline (see work by Madeleine McLeod*), requires association 
distance increase for comets? may get more diaSource matches - PPDB would be great for testing!


• Brokers:


• Antares community filters: will be provided by Snaps broker instead (not much info)

*https://doi.org/10.3847/2515-5172/ae8f39 

https://doi.org/10.3847/2515-5172/ae8f39


Planned Work

• Process larger numbers of objects using MPC and EDP2 photometry 
catalogues - build AdlerData summary table, search for brightness outliers


• Ingest alerts and analyse cutouts - ideally need prompt products db (to 
get relevant diaSourceId/ssObjectId) and probably limited to 
wedgephotometry (too small for noisechisel)


• Continue preparing Noisechisel analysis for upcoming full DP2 visit 
images


