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Reminder - Virtual Participation

Virtual participants should be muted
when they’re not speaking.

2~ W, @ -

Participants Chat Share Screen

In-person participants should speak
into the room microphone(s), or the Zoom
chair should repeat all questions into
the microphone, so that the virtual In Zoom, use the chat to:
participants can hear what is said. - request to unmute to ask a question, or

- type your question so someone can speak it aloud.

.. In the Ry!oinZOZS_PCW Slack Spgcei, The Zoom “raise hand” feature is generally harder for
.. all participants can use the session's moderators to track, and is not preferred, but may be
channel for Q&A and discussion. used at the discretion of the session chair.

The channel name convention is, e.g.:
#dayl-mon-slot3a-intro-to-rubin
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e Federica Bianco: Rules of engagement, intro, TVS anomalies subgroup (<=7 min)
e Ashish Mahabal: new ISSC anomaly detection interest group (<=7 min)

e Xiaolong Li: Time domain perspective (<=10 min)

e Will Clarkson: Proper motion perspective (<=10 min)

e Ari Heinze: Solar System Perspective (<=10 min)

e Agnieszka Pollo: Extragalactic Perspective (<=7min)

e Konstantin Malanchev: Precursors: detection of anomalies in ZTF (<=10 min)

e Ashley Villar (remote): detection of time domain anomalies with Al (<=10 min)

1 sliders:

Chris Lintott (video); Ashish Mahabal; Abi Saha; Patrick Aleo (by proxy)

Anyone else who wants to speak and panel discussion!
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Includes members from TVS with similar interest

Patrick Aleo Konstantin Malanchev
Federica Bianco Anais Moller

Eric Feigelson Gautham Narayan
Bryce Kalmbach Priscila Pessi
Xiaolong Li Fabio Ragosta

Ashish Mahabal Monika Soraisam
Alex Malz Ashley Villar

https://docs.google.com/document/d/11lul1fCLXt4wFk-1a7wS41tsyyj36cV7f8pGI_MkwsU/edit
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There is also a TVS anomaly subgroup, but it’s not very active...
contact Federica if you want to be the new chair!

Federica Bianco Rafael Martinez-Galarza
Neven Caplar Swayamtrupta Panda
Sid Chaini Kaylee de Soto

Tatiana Acero Cuellar Elahe'e Khalouei

Shar Daniels Andrew Levan

James Davenport Ashish Mahabal

Tansu Daylan Keming Zhang

https://docs.google.com/document/d/11lul1fCLXt4wFk-1a7wS41tsyyj36cV7f8pGI_MkwsU/edit
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Intended meeting frequency: once a month

Talks

Discussions
Datatypes, Datasets
Types of anomalies
Methods
Cross fertilization
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Intended meeting frequency: once a month

Talks
Discussions Rare events
Datatypes, Datasets In-class outliers (extreme)
. Inter-class objects
Types of anomalies - New phenomena/classes
Methods

Cross fertilization Artifacts -> improvements
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Mahabal | ISSC anomaly interest group

/;_Ji-nusua@ehavior Over Time
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Possible first project (proposed by Alex Malz)

Analyze audio data from stress testing the camera system at SLAC
Filters, motions, ...

Look for anomalies

Alex Boucaud
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Unknowns Unknowns with Rubin LSST:
Time Domain and Proper motion

We wrote two papers aimed at optimizing the survey cadence for the discovery of never-before seen phenomena
Xiaolong Li, Fabio Ragosta, Will Clarkson, Federica Bianco

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 258:2 (29pp), 2022 January https://doi.org/10.3847,/1538-4365 /ac3bca

©® 2021. The Author(s). Published by the American Astronomical Socicty.
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Preparing to Discover the Unknown with Rubin LSST: Time Domain

Xiaolong Li' ©, Fabio Ragosta®®, William I. Clarkson® ", and Federica B. Bianco'*>°
A Department of Physics and Astronomy, University of Delaware, Newark, DE 19716, USA; lixl@udel.edu
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Preparing to discover the unknown with Rubin LSST - II: Proper motion
FABIO RAGOSTA,' X1A0LONG L1,> WiLLIAM I. CLARKSON,® AND FEDERICA Bianco®®®

LINAF and University of Naples "Federico 11", via Cinthia 9, 80126 Napoli, Italy
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https://iopscience.iop.org/article/10.3847/1538-4365/ac3bca
Published in ApJS Rubin Survey Strategy Focus Issue

To be submitted to
ApJS Rubin Survey Strategy Focus Issue
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Unknown unknowns with Rubin LSST : Time domain
Feature space
Designing algorithms to discover the unknown
Recommended Observing Strategy

Unknown unknowns with Rubin LSST : Proper motion
Confusion Index
Likelihood Score

Transient proper motion
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Time domain novelties
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Unknown unknowns with Rubin LSST: Metrics

Goal: evaluate the ability of the LSST survey to discover “true novelties”:
phenomena never before seen nor predicted from theory

Model-independent approach: to measure completeness in the space of
features that Rubin can observe

e
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From Bellm et al. 2021
Most LSST simulations
have no observations
between 2 and 14
hours and around 24
hours

[I.  Unknown Unknowns with Rubin LSST
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Unknown unknowns with Rubin LSST: Metrics

Time gaps in observations taken
with pairs of different filters
within 48 hours,

Algorithm 1: Time gaps metric

for filter fi, f2 in [u, g, 1, 1, z, y| do § 51 1 gi Dk =10.01
select visits in pairs, i.e. uu,ug... = ———- .
. = L__2 uniform
measure all time gaps = 4
if f1 # f2 then g
| select time gaps within 2 days 2 3
if fi = f2 then CIE)
| select time gaps from minutes to 10 years a 5]
| measure KL divergence or variance %
Sum over filter pairs, weighted by number of visits N 5 1
o
£
Kullback—-Leibler Dy (P Pl Py S | e
og\ =)= —
divergence L(PllQ) = X g(Q) 0 10!

Time gaps (minutes)

[I.  Unknown Unknowns with Rubin LSST 17



Unknown unknowns with Rubin LSST: Metrics
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Unknown unknowns with Rubin LSST: Figure of Merit

Concatenate the FoM pieces
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Observing strategy for unknown unknowns

0 100 200 00 400 S00 600 00 00 900 1000 0 10 20 0 0 50 0 0 0 % 100
NVists (M)D) NVists (MJD)

Credit: Lynne Jones https://epyc.astro.washington.edu/~lynnej/lopsim_downloads/ender_a1_v3.1_10yrs__N_Visits.mp4
PSTN-055 Official Rubin Cadence Recommendation 1/2023 : Rolling is recommended on the WFD, with

the sky split into two 1/2-sky regions defined by declination limits and with a 0.9 rolling weight.

[I.  Unknown Unknowns with Rubin LSST 20
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Opsim 3.0 and 3.2 - 2023
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% Unknown unknowns with Rubin LSST : Time domain
Feature space
Designing algorithms to discover the unknown
Recommended Observing Strategy

% Unknown unknowns with Rubin LSST : Proper motion
Confusion Index
Likelihood Score

Transient proper motion

Presenter: Will Clarkson
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LSST: proper motions ~1 mas/yr @ r=24 (full 10y)

Proper motion
5

E.g. lvezic, Monet et al. 2008: ©F b SDss-Poss ..
“LSST will smoothly extend Gaia’s error-vs-magnitude = ol ]
curve to a four-magnitude fainter level.” 2 ’4_/
g [ LSST - ]
= 107} % -
ot E o Z = 3
LSST will attach proper motion to objects which... i o0~ - _
10 E.T " T ......... Lovanranns Lovasninns Lovasniins | i e l...E
e ...aretoointrinsically faint for Gaia, and/or Parallx
e ... lieinregionstoo highly extincted for Gaia, and/or 10'F ¢ | |
e ...areonly bright enough for proper motion 7 ol /
measurement for a short interval during the LSST survey £ | LI
S r el
1077 & -
. . . E G2 -
Thanks to the rubin_sim team, a metric for the predicted b7 2
proper motion uncertainty for LSST observations is available, St E——
calculating proper motion uncertainty as straight-line gradient r

uncertainty incorporating individual position-measurement

. lvezic, Beers & Juric 2012 ARA&A
uncertainty.



https://ui.adsabs.harvard.edu/abs/2012ARA%26A..50..251I/abstract
https://ui.adsabs.harvard.edu/abs/2008IAUS..248..537I/abstract

Proper motions for true anomalies

Led by Fabio Ragosta (now at INAF/Rome), we have been investigating the
ability of LSST to add proper motion evidence to previously-unexpected
astrophysical objects it may discover, using the rubin_sim framework to
assess candidate observational strategies.

Three figures of merit:
e Confusion Index (Cl);
e Likelihood Score (LS);
e Transient Proper Motion (TPM);

In general, stellar populations are simulated in 6D (position, velocity)
following standard prescriptions for the “known” Galactic components,
and the capability of LSST to isolate objects of interest against this
“known” background is assessed using the metadata for candidate
observing strategies (“opsims”)..

fabio.ragosta@inaf.it
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Proper motion: Confusion Index (Cl)

The Cl parameterizes the ability of LSST to kinematically identify
comoving populations via their locations in the diagram of reduced
proper motion (RPM) vs (g-r) color.

For each simulated object, measurement uncertainty inthe RPM/g-r  H, = g + 5log;, [—
) . i B i . . ; mas/yr

diagram is parameterized by the “area” of the uncertainty ellipse in

this space (right, below).

|-10-4,

4.71502

2 o]

7 x det(Crgr) = (agaf +

This is then used as the input uncertainty for mixture models tor
Sgr-dwarf-like objects injected at various distances from the
observer. The result is a map in RPM/g-r space of objects that are
considered confused (i.e. ambiguous membership probability to the
field or the desired population).




Proper motion: Confusion Index (Cl

RPM
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Proper motion: Likelihood Score (LS)

The LS parameterizes LSST’s ability to kinematically separate a point
source from the “background” due to known Galactic components
using LSST proper motions.

retro_baseline v2.0 id baseline v2.0 baseline v3.0

funusual

Galactic populations are simulated for each sight-line (the “known”
population) and an “unknown” (i.e. anomalous population) is
simulated on top of them. Objects are then recovered as “unusual” if
they are measured to fall outside the inter-quartile range
corresponding to the Galactic population.

RA=88.59 DEC=19.47 RA=303.75 DEC=-34.23

s [mas/yr]

funusuar= 0,0451 OO0 Fopusua = 0.0454

50 0
Hq LITIdSIyr | Mo [maslyr]

Finally, the fraction of injected “unusual” objects that are recovered
as “unusual” is evaluated for the entire simulated survey.

Figures from Ragosta et al. (in prep.)




Proper motion: Transient Proper Motion Metric (TPM)

The TPM parameterizes LSST’s ability to attach proper motion 15.0
information to transients (particularly those that are only bright
enough for proper motion measurement during the transient
event).

—
(1]
—

—
w
5]

I [mag]

—
o
w

A population of transients is simulated (for a few example regimes). 15.4
Then the Transients metric (of Li et al. 2023) is assessed to e
determine which objects LSST would detect as transients. oo

~0.04 } ! ]
For the subset that LSST would detect as transients, the proper S G el
motion uncertainty is evaluated over those observations for which
the transient is sufficiently bright for LSST detection at 5 sigma. Microlensing lightcurve from the

OGLE-IIl website
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Proper motions for True Anomalies: status

Three figures of merit:
e Confusion Index (Cl) - Implemented.
e Likelihood Score (LS) - Implemented.
e Transient Proper Motion (TPM) - Finalizing implementation.

Next steps:

e Finish implementing and testing TPM
e Run on the latest opsims to determine which candidate strategies are
best for proper motion anomaly detection.

fabio.ragosta@inaf.it

Ragosta et al. 2023 in prep for ApJS special issue on LSST strategy.

Input is welcome!
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Finding the Unexpected in the Solar
e ERVATORY System

Ari Heinze

DIRAC Institute and the Department of Astronomy,
University of Washington
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P053|ble surprlsmg dlscoverles s
- New types of objects i T |
- New types of orb|ts s
= New types of behawor | |
~_f- New assocnatlons of objects

n New objects in the solar system (mterstellar :
objects)

m How to find/recognize the unexpected

Ari H ei nze Image credit: Bruno C. Quint



% New types of objects
o Unllkely to see objects of an entlrely

- different composmon

 - I\/Ilght see new types of fragments from e
~ known bodies (e. g., nltrogen |cebergs) but’;??v
st|II unllkely Yy - .

AEiI‘HLelLI?%Qn Image credit: Bruno C. Quint
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New types of orbits

o= Unllkely objects are already known In

. nearly all physically possible solar system
~ orbits

- m Might find more in very rare orbit types:
 e.g. retrograde asteroids

5 - ff\"‘\\__ P IS l\_’ I o ifeees
R S ot AT i * MNeptune /- .=
R T v o G sl LA

e, kS Bt
4+ TPy, 0 -

. P Chodis 4(r.\msx«A ri H e i'n Zde .

P.Chodas (NASALPL)



o New types of behaV|or _
i L|kely the onIy questlon is what type

| Objects suddenly appearlng (em|SS|on off'
- dust, ?’?) o s Tt

0 Objects suddenly dlsappearmg (slow

hlgh -amplitude rotatlcm clear/ng of dust,
?7?)

m Change in orbit (gas emission, Yarkovsky
eﬁeCt, ’??) Ari Heinze Image credit: Bruno C. Quint



New associations of objects

. Guaranteed to be found

. Collisional families in almost the same orbits

. Asteroid pairs from YORP fission

. Will reveal recent exciting events in the asteroid belt
. Will cause me a lot of trouble (but it's worth it)




Distance [km]

New associations of objects

104
103
102
101
10°
1071

Relative velocity [m/s]

L L L L] -2
i 10 100 1000 10
Time to the past [kyr]

1 10 100 1000
Time to the past [kyr]

Asteroids 87887 — 415992: the youngest known asteroid pair?

J. Ziika', A. Galad?, D. Vokrouhlickyl, P. Pravec3, P. Ku$nirdk?, and K. Hornoch?



Interstellar objects

" n Rates are hlghly uncertam but no major i
obstacle to detectlon | il o L

Ari Hei nze Image credit: Bruno C. Quint



How to flnd the unexpected

- - Only humans can drscover

e Computers can sort through the normal stuff
- show us anomalres we should check out

_- Experts and beglnners may see dlfferent thrngs
' Wrrte fast, effrcrent code s

" m Search areas of parameter space you know are
empty

Ari H ei nze Image credit: Bruno C. Quint
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Search for anomalous
objects
in the ALLWISE survey

Tucson, 7.08.2023

Agnieszka Pollo

National Centre for Nuclear Research
(Warsaw) & Jagiellonian University
(Cracow); Poland

with

Maciek Bilicki, Mariusz
Gromadzki, M., Anna
Durkalec, Michal Wypych



Based on the paper:
"Automated novelty detection in the WISE survey with one-class
support vector machines’,
Solarz et al. 2017
Astronomy & Astrophysics, Volume 606, id.A39



Wide-field Infrared Survey Explorer

All-Sky survey in IR
Detected over 747 min sources
(15 PB of data; tables + images)

Publicly available (position,
photometry in 4 bands (3.6-22 um))

Low angular resolution (~6”)

No redshift information

(WISE)

Solarz et al. 2017




Exploration of parameter spaces

— The usual first approach

) ) 3.0 T — T 1 T 1 s |
to selection: CC diagrams : cool : : : (b)) ]
: T-dwarfs B > : : i
— Novel or anomalous : g g :
sources deviate from 2.0 ;gtlliqsl.gl:%ﬁ. ..... =
. . B : scure -
expectations but could mimic € & : : : ]
. ‘ ) Q L canmsnsirasnnmisnas s s nvsatesss feeeeeecjan-i--EEE———— . . . ...
a behaviour of a ‘normal 2 = | A : i
. 7 = » ‘Os : g
object S bbb i - Seyferts W | ]
2 : ‘ ULIRGs x
— need for new ML e .. RINERSQS
approaches based on larger : iStars L _ L St?"b‘"sf ;
parameter spaces o0 [ i . LIRGs - - k
: . i i :
-1 (o] 1 2 3 4 5 6

A g e g (W2 -W3)

Credit: Wright+10



WISE: first step towards ML novel source detection

Training set: Solarz et al. 2017
— AIIWISE x SDSS (a,0) with secure spectro-z »




WISE: first step towards ML novel source detection

SOIarZ Et al. 2017 infrared (WISE - W1)

Parameter space:
— Brightness W1
—Color W1-W2
—Compactness
W1mag13 =
wImpro(5”) - wimpro(11”)




WISE: accounting for unknown
Solarz et al. 2017 U n knOWHS

Awlmag 13




Novelty detection with One-Class
Support Vector Machines

decision boundary
XTq A <1 4
~ ‘i}("*

T i ‘e
1 S * S @ __ Hyperplane
| e KX tli

1 ¢

~2 Solarz et al. 2017
Create one ‘known’ class (mix of AIWISE x SDSS galaxies, stars, QSOs)

Maps input data to a higher D parameter space (based on Kernel methods)
Hypersurface hugging the expected sources

Anything with ‘unknown’ patterns falls\eiiside-the hypérsurface => novelties



Results:

~650,000
anomalous
sources

—4 —2 O 2 4 6 8

W2 —-W3 [Vega mag]
What are they?

Solarz et al. 2017



Spurious sources

W1-W2 ~ -1 ; 80%; Spitzer GLIMPSE:
IRAC 11 [3.6 um], IRAC 12 [4.5 um]

-W2 [Vega mag]

Low WISE resolution (6”) in crowded fields= -

=> blends .

—4 —2 @) 4 6 s
OCSVM: good tool for selecting hidden y»“ego mag]
artefacts Solarz et al. 2017

Angieszka Pollo



AGN candidates?

30,000 sources (those in Galactic Plane: still mostly blends)

. 76% undetected at other wavelengths!

~7 000 objects with SDSS photometry (no spectro-z), follow-up observations

- Peculiar (dusty) QSOs

- Low-z very dusty galaxies . Solarz et al. 2020

- Very dusty Galactic objects — like YSO —4 —2 @] 2 4 6 8
W2—-W3 [Vega mag]

. Unobsc
u e

400

. Solarz et al. 2017

300

e

counts

200

100

SDSS— WISE colour [Vegal]



Conclusions

With sufficiently big data (like LSST) anomalies may come
In big numbers

Parameter space is important
What we find is mostly trash but

— valuable trash if not found by other methods — novelty
search as a method for additional cleaning of catalogs

— some genuine atypical sources

— nedeed methods of separation (clustering in different
parameter spaces/with DL)
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Carnegie

Mellon %5 SUAD

University

SNAD - personalized anomaly
detection for astronomy

Konstantin Malanchev (LINCC Frameworks @ CMU)
& SNAD Team

Rubin Project and Community Workshop, 10 August 2023



Anomaly Detection is Discovery 5

“An anomaly is an observation which deviates so much from the other observations as to arouse suspicions that it was

generated by a different mechanism”
- Hawkins, 1980

Stages of Discovery in Astronomy: Which mechanism?

® Detection Is it something we are familiar with but fail to proper model or recognize?
. . "

* Interpretation Is it something we have never seen before?

® Understanding Is there something new for us to learn?

® Acceptance

In order to identify the unusual we need to have a clear ideal of what is usual ...

.. and that is a social construct. It changes and adapts with time!



Pipeline S

ML produces recommendations only

ng ht Potentially interesting anomalies:

Candldate 1
didate 2
Candldate 3

curve Machine learning

k ' e.g. outlier

detector
Active anomal
detectlon loo
Get more (Not interesting

® SNAD Viewer

® Metadata

data ®* Images
and Interesting ’ ® Catalogs
® Simulations

Publication ® Follow up

( Very interesting! J ® |iterature




Active anomaly detection 5

From outlier to anomaly detection algorithm pgat

d

How to discriminate annoying non-anomalies cain initial
sources and bogus light curves? model
- We can ask an expert interactively about Machine

each new outlier The best Update

o oo _ utlier odel

- If it is not an anomaly, show similar objects up date with the

less often outlier label
- Retrain, ask the expert again Inspect

outliers

using external
data




Some interesting objects B

SN
19=58237.9£0.1d e In model — 1o et 50 el 04— Heis,+-03
17F 2=0.256=0.014 P iy v e S
2g-15 ol
18f N
+
19
Z20F
s
221

144 objects reported to TNS, mostly
PSNe and AGNs RN
httDS ://Snad u Spacelcataloq - :“5855() 58&75 58;{(!1) 58:%23 ! ;;ﬁ?;’;l) 58;75 \‘;);140(]

Two SLSNe (one spec.-confirmed by o= - TR
other group afterwards) m)\,m

Various variable stars: RS CVn (spec. g - TN B s A
confirmed by us), binary Mira, YSOs

Hundreds of well-sampled ~hour long

flares § ﬁ:# % }
Konsta Malanchevz=,. 2.2

zzzzzzzzzzzzzzzzzz



https://snad.space/catalog

Objects found at SNAD-VI (June 2023)

2023RNAAS...7..155V

14.5 .« ® @
* s ¥¢ ®
.. <& ® .
o ® ®
g 0 . % " s
15 * - **yy
~ *¢*¢¢¢. e® R . L) . T
& & by
ecme 0O 00 % . o ®eee o «
15.5 & * Yo,
& o o
4% T oon
& b & & & & Aa i
16
1380 1400 1420 1440 1460 1480 1500
mjd — 58000
filter, oid @ zr, 643210400013909 <> zg, 643110400008595 [ 7z, 643310400014536

:PS1 . Gaia

15 D 8
+DR2 +#* +* 4DR3 ow+ °* DRu
o R ’“**'
£ 15.5 A — SE g A Py -

16 R L ™

—3000 —2000 —1000 1000 2000

0
mjd — 58000

dh 2, 859208100003187 [l zr, 1868213200005410 HR zr, 1869216100004179 <> zg, 858105100000993
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o
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ps_y, 199001218778647362 O gaia_G, 1135931958310563456 ’ gaia_BP, 1135931958310563456
gaia_RP, 1135931958310563456

U-lens candidate

Optical counterpart of radio source
NVSS J080730+755017



Artifacts and bogus variability

. » '
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Anomaly Detection for
LSST transients

V. Ashley Villar
Harvard University
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R Out-of-distribution anomalies are “easy” to find
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R Out-of-distribution anomalies are “easy” to find
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~——.. Butthereisno physical model to describe ALL
viecoen  Physics

OBSERVATORY

7~
=N

* ~
N 2
(@ ALeRCE
° Automatic Learning for the

Alert

Real - —~ Bogus
| — Periodic-Other

Transient - = ~—  Periodic —=

Rapid Classification of Events

Stochastic \ ™
j Pulsating L & Eclipsing Binary

00

Cepheid RRLyrae & Scuti

Nova /

PP, Cataclysmic

variable

A _,J

SN Ib/c SN I Super Long
luminous \ Period

SN ' | Variable

Vera C. Rubi Blazar Qso AGN Young Stellar Illustrations: @wandering_astro
Obiect
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RSN And so, we become data-driven
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Neural net latent feature 2
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—=. Use an autoencoder to encode the full sample

VNS
VERA C.RUBIN
OBSERVATORY

1x10

ANGR-RER RER-H/ANN

Tx4x3
Time, flux, error

Encoded LC

P 1

Vera C. Rubin Observatory | Operations PCW | 7—11Egt]t@)@der ASh ley VmgFOder Acronvms&GlossarNA\*+20,2’|
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] Similar pipeline finds interesting, evolved stars in the

\VEDA C DIIRIN ZTF Cata log

-4
X A "
—2 4 2
" s :9&? g 7o
21 ! 5 R pdl i
o 4 ; ' Such methods can be
1 extended to the ~135 million
5. _es | variable stars LSST will observe
» Anomalies-Spherical
10 - A  Mira-Cartesian
%  Mira-Spherical
® SR-Cartesian
12 4 & SR-Spherical
0 2 4 6 8
Ggp — Grp
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—=~. Thatis because our neural net wants to optimize one
+.+ - °
VERA C.RUBIN thlng*

OBSERVATORY

]Q

—-19- m\
_18_

The NN's objective:

I
[
~

Minimize the difference between the model and
data

I I
= =
Ul O

Absolute Magnitude

I
=
SN

_13 T T T
=50 0 50 100 150

Days Relative to Peak

*This is a lie. The variational AE | showed earlier also encourages a specific (Gaussian) distribution.
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R But we know about other, reasonable distance metrics

VERA C.RUBIN
OBSERVATORY

E.g.,
Minimize the difference between the model and data

And

Make signals of similar types cluster together (called
contrastive learning)

And

Make the latent features independent of redshift (e.g.,
group-invariant learning)

Vera C. Rubin Observatory | Operations PCW | 7-11 August 2023 AS h ley Vi lla r Acronyms & Glossary
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Thank you!
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Lightening talks
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=X pshish Mahabal | ZTF anomalies
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Abi Saha | EARLY detection of rare TD phenomena

THE ASTROPHYSICAL JOURNAL, 892:112 (19pp), 2020 April 1
© 2020, The American Astronomical Society. All rights reserved.

https: //doi.org/10.3847/1538-4357 /abTb6 1

CrossMark

A Classification Algorithm for Time-domain Novelties in Preparation for LSST Alerts.
Application to Variable Stars and Transients Detected with DECam in the Galactic Bulge

Monika D. Soraisam'?, Abhijit Saha® (9, Thomas Matheson® ?, Chien-Hsiu Lee® ©, Gautham NarayanZ @, A. Katherina Vivas*®,

Carlos Sz:heideggerS , Niels Oppen'nannﬁ, Edward W. Olszewski7. Sukriti Sinhas. and Sarah R. DeSantis®

‘THE ASTROPHYSICAL JOURNAL, 892:112 (19pp), 2020 April |

uband

(ANTARES collaboration)

Soraisam et al.
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Recognition of Rare and Peculiar Temporal
Phenomena from LSST Alert Streams

Abbhijit Saha’

oz = 0.5 (rreaed 1], Deto 1142 = [ 25 12)
s T T

EETIT
Detard
3

Fignre 2. Thr froquency distribotion of magnitude differences for 2 measurements of 2 sine
vavr {left] and n sawscath (Pight) Bght envve with periad 0.5 days, when sampled an three
oparhs separared snecessively by 0125 and then 012 days. See deseription in § 3.2 far 2 onmplete
desoriprion.
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ey Patrick Aleo | Real-time Anomaly Detection in ZTF
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@mwrmm

—

(In progress)

Spectroscopic

SO P ®
::.‘ IR ® ) ca.
Keep transients & Upsample minority Train/Test [ﬂ M&

::t‘;:‘c:‘:‘:s;"}:;‘l‘“i O e split Random Forest Classifir  IsolationForest ~ Anomaly Detection &l;:ltf;‘:vx?.;m
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