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Object search
by object name & coordinates



MySQL Catalogue Database

HTM Indexing Scheme

“Sherlock” Catalogues (1010 objects)
Context Classification

https://github.com/thespacedoctor/sherlock



“Sherlock”: Programmable Algorithms for Event Annotation

Search Algorithms are written in 
YAML - plain text

- angular separation crossmatch radius 
- physical separation crossmatch radius 
- source magnitude filtering 
- magnitude dependent search radii for bright stars and 

galaxies

Search Module Parameters

Classifications & Reliabilities
- transient given a predicted classification based on the 

parameters of the catalogued source it matches 
against 

- transients can be given multiple classifications which 
are later ranked 

- a transient can either be synonymous with (within 
0.5”), associated with (>0.5” away) or annotated by a 
catalogued source

Context Classification
https://github.com/thespacedoctor/sherlock



Context Classification



Lightcurve Classification
Integration of RAPID early lightcurve classifier coming soon!

Daniel Muthukrishna
https://astrorapid.readthedocs.io/en/latest/



���������	��
������������������������������������ ��!����"��#

���"��

����������

��$�%!&��'(�)*(���+#

$���,-./�

"���&�0���#

 ���.&1&�0��#

��""��������/,(0

 ��""��"��������'(�)*(��22#

 ������ ��'(�)*(��22#

 ���������&�0���#

%������.&1&�0��#

�3��"" �3�'(�)*(��22#

!�����.&1&�0��#

����&�0���#

�%���&�0���#

"�����&�0���#

4 �3��/,(0

5 �3��/,(0

����,-./�

��%���,-./�

��� 3"��/,(0

3���� 3"��/,(0

	������666

	���
��

��������

%�����!7���&�0���#

83���&�0���#

��$�%!&��'(�)*(���+#

%��!��!�'(�)*(�����+#

!����0&��90(�:

	���
��

�������

"���&�0���#

����&�0���#

����/,(0

��%���/,(0

��.&1&�0��#

"�����&�0���#

	���
��

��������������

���&�0���#

����,-./�

��%���,-./�

!�37�����'(�)*(����#

!�37 ��"�4�'(�)*(����#

��3%7�����/,(0

��3%7���7"��!���'(�)*(��2�#

!5 ��'(�)*(���#

;��/,(0

<�3!;��/,(0

<�3!7�����'(�)*(��2�#

��3%7��3!�8���!3�'(�)*(��2�#

 8���%�0&�=&�0��#

3������'(�)*(��2�#

�33�%��!��7���8 3�'(�)*(��2�#

%��33�"5���7���8 3�'(�)*(��2�#

��3%�>�����7���8 3�'(�)*(��2�#

%��337��3!�8���!�'(�)*(��2�#

!�3���&�0���#

��3%7��!7�����'(�)*(��2�#

������666

	���
��

������

"�����&�0���#

����/,(0

��%���/,(0

�������/,(0

���!��/,(0

	���
��

���������

�?7���&�0���#

83���&�0���#

�����'(�)*(��2+#

��3%�� !����'(�)*(�����+#

?8��5�'(�)*(�����+#

 8���%�0&�=&�0��#

	���
��

�������������

��$�%!&��'(�)*(���+#

$���,-./�

"���&�0���#

��""��������/,(0

	���
��

�������

 �����5&��&�0���#

��$�%!&��'(�)*(���+#

3!����0&�=&�0��#

�%����&�0���#

��������,-./�

��3!���,-./�

��%������,-./�

��%3!���,-./�

���������/,(0

������4��/,(0

������������/,(0

����������/,(0

���������/,(0

������4��/,(0

������������/,(0

����������/,(0

��!�3!������/,(0

��!�3!������/,(0

$������,-./�

$���4��,-./�

������666

	���
��

������������������������

!���3���!7��$�%!7���&�0���#

%��33�"�%�!����'(�)*(���2#

����!�!����0�@0

38����5�'(�)*(��2�#

��3��!%<)�����!�'(�)*(��2��#

��!�/�3!����"�����(0�0&��

��!�)���!����(0�0&��

8 ��!���'(�)*(���2#

83���'(�)*(��	�#

%�����!��!���(0�0&��

3� ���!���(�%3�%��,-./�

	���
��

���������������������

!���3���!7��$�%!7���&�0���#

%�!����8�7��$�%!7���'(�)*(����#

%�!����8�7!����7���9�(//&�0�2#

!���3���!7��$�%!7����,-./�

���!<9� ���!���(�%3�%��,-./�

��3!9� ���!���(�%3�%��,-./�

���.&1&�0��#

;��,-./�

3%�����,-./�

��3!��%���,-./�

��3!��%�7���8�83��,-./�

 <�!�A��,-./�

 <�!�A�����,-./�

�33�%��!���7!5 ��'(�)*(���2#

��!�)���!����(0�0&��

 <53�%��73� ���!���7B %��,-./�

%�!����8�7��$�%!7!5 ��'(�)*(���2#

%�!����8�7��$�%!738�!5 ��'(�)*(���2#

�33�%��!���7���B�&�0���#

%�!����8�7!����7�����'(�)*(�����#

�������666

	���
��
���������������

%���7���&�0���#

��7���&�0���#

�����'(�)*(���#

����,-./�

��%���,-./�

	���
��

��������������

��7���&�0���#

%���7���&�0���#

��$�%!&��'(�)*(���+#

��%3�%��,-./�

���!<�3!�&�0���#

	���
��

����������

��7���&�0���#

83���&�0���#

�����'(�)*(��2+#

��3%�� !����'(�)*(�����+#

�%!�>��0&�=&�0��#

 ��?8��7�<����'(�)*(�����+#

����83��,-./�

 8���%�0&�=&�0��#

	���
��

ncandidates >= 3 

User Queries



User Queries

User can make their 
own queries and 
choose private or 
public

Community 
provided public 
queries

Default “stream” 
queries supplied



Watchlists

Up to several thousand 
objects per list (at the 
moment)

Can be public or private



and GW Events



and GW Events



UK Workshop

Near term requirements
LIGO - Virgo object tagging for O3 (starting soon!)
APIs (e.g. TAP service for querying Lasair)
User defined alert mechanism (e.g. SMS)

Jupyter: 
Make Jupyter available to all users - with "Overviews",  “How-tos", "Getting started" pages 
Provide standard queries for Jupyter notebooks 
Allow private areas/folders and the ability to define groups within the Jupyter hub
Have ability for Jupyter notebooks to run automatically.
 

Longer term requirements
Provide a mechanism for allowing lightcurve analysis code to be uploaded 
Vizier integration to allow spectra of objects in watch list to be pulled 
Model and empirical lightcurve fitting
Lightcurve mashing from user-provided and other surveys
Integrate VISTA and or UKIDSS stamps 
EUCLID: optical and NIR images, high-resolution stamps of transient location 
HST and Spitzer overlap. Provide postage stamp of the pre-discovery position
Store transmission characteristics of filters for mapping lightcurves

October 2018: Resulting Requirements



UG Transients
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SELECT o.objID, c.ra, c.dec, o.gPSFMag, o.rPSFMag, c.distance
  FROM LSST_transients AS o
  JOIN dbo.fGetNearbyObjEq(108.75627, 22.941761, 0.0003) c
    ON c.objid = o.objID;
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Next Steps

Submit formal Letter of Intent to be an LSST broker (May 15th)

Very large UK compute resource (IRIS) - hardware guaranteed (est 0.5 EB storage by 
end of survey and millions of hours/year CPU resource)

Certainly large enough to hold the estimated 2.2PB of alert data
(https://dmtn-102.lsst.io/DMTN-102.pdf)

Lasair part of the overall U.K. plan for a full data access centre (DAC) with value 
added software and other data sets (Gaia, VISTA, UKIDSS) 

Deploy Lasair onto the new IRIS petascale platform and scale up from ZTF to LSST, 
including database replication

Continue (in parallel) to explore no SQL technologies (e.g. foundationDB, Cassandra) 
and big data stacks (e.g. SMACK)

https://dmtn-102.lsst.io/DMTN-102.pdf


{
        "namespace": "lsst",
        "type": "record",
        "name": "alert",
        "doc": "sample avro alert schema v1.0",
        "fields": [
                {"name": "alertID", "type": "long", "doc": "add descriptions like this"},
                {"name": "l1dbID", "type": "long"},
                {"name": "diaSource", "type": "lsst.alert.diaSource"},
                {"name": "prevDiaSources", "type": [{
                                "type": "array",
                                "items": "lsst.alert.diaSource"}, "null" ]},
                {"name": "diaObject", "type": ["lsst.diaObject", "null"]},
                {"name": "ssObject", "type": ["lsst.ssObject", "null"]},
                {"name": "diaObjectL2", "type": ["lsst.diaObject", "null"]},
                {"name": "diaSourcesL2", "type": [{
                                "type": "array",
                                "items": "lsst.alert.diaSource"}, "null"]}
                        ]
}

{
        "namespace": "lsst.alert",
        "name": "diaSource",
        "type": "record",
        "fields": [
                {"name": "diaSourceId", "type": "long"},
                {"name": "ccdVisitId",  "type": "long"},
                {"name": "diaObjectId", "type": ["long", "null"]},
                {"name": "ssObjectId", "type": ["long", "null"]},
                {"name": "parentSourceId", "type": ["long", "null"]},
                {"name": "midPointTai", "type": "double"},
                {"name": "filterName", "type": "string"},
                {"name": "radec", "type": [{"type": "record",
                        "name": "radec", "fields": [
                                {"name": "ra", "type": "double"},
                                {"name": "dec", "type": "double"}
                                ]}]},
                {"name": "radecCov", "type": [{"type": "record",
                        "name": "radecCov", "fields": [
                                {"name": "raVar", "type": "float"},
                                {"name": "decVar", "type": "float"},
                                {"name": "ra_dec_Cov", "type": "float"}
                                ]}]},
                {"name": "xy", "type": [{"type": "record",
                        "name": "xy", "fields": [
                                {"name": "x", "type": "float"},
                                {"name": "y", "type": "float"}
                                ]}]},
                {"name": "xyCov", "type": [{"type": "record",
                        "name": "xyCov", "fields": [
                                {"name": "xVar", "type": "float"},
                                {"name": "yVar", "type": "float"},
                                {"name": "x_y_Cov", "type": "float"}
                                ]}]},
                {"name": "apFlux", "type": [{"type": "record",
                        "name": "apFlux", "fields": [
                        {"name": "apMeanSb01", "aliases": ["base_CircularApertureFlux_3_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb02", "aliases": ["base_CircularApertureFlux_4_5_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb03", "aliases": ["base_CircularApertureFlux_6_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb04", "aliases": ["base_CircularApertureFlux_9_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb05", "aliases": ["base_CircularApertureFlux_12_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb06", "aliases": ["base_CircularApertureFlux_17_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb07", "aliases": ["base_CircularApertureFlux_25_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb08", "aliases": ["base_CircularApertureFlux_35_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb09", "aliases": ["base_CircularApertureFlux_50_0_flux"], "type": ["float", "null"]},
                        {"name": "apMeanSb10", "aliases": ["base_CircularApertureFlux_70_0_flux"], "type": ["float", "null"]}
                                ]}, "null"]},
                        {"name": "apFluxErr", "type": [{"type": "record",
                                "name": "apFluxErr", "fields": [
                        {"name": "apMeanSb01Sigma", "aliases": ["base_CircularApertureFlux_3_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb02Sigma", "aliases": ["base_CircularApertureFlux_4_5_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb03Sigma", "aliases": ["base_CircularApertureFlux_6_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb04Sigma", "aliases": ["base_CircularApertureFlux_9_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb05Sigma", "aliases": ["base_CircularApertureFlux_12_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb06Sigma", "aliases": ["base_CircularApertureFlux_17_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb07Sigma", "aliases": ["base_CircularApertureFlux_25_0_fluxSigma"], "type": ["float", "null"]},
                        {"name": "apMeanSb08Sigma", "aliases": ["base_CircularApertureFlux_35_0_fluxSigma"], "type": ["float", "null"]},

{
        "namespace": "lsst",
        "name": "diaObject",
        "type": "record",
        "fields": [
                {"name": "diaObjectId", "type": "long"},
                {"name": "radec", "type": [{"type": "record",
                        "name": "radec", "fields": [
                                {"name": "ra", "type": "double"},
                                {"name": "dec", "type": "double"}
                                ]}]},
                {"name": "radecCov", "type": [{"type": "record",
                        "name": "radecCov", "fields": [
                                {"name": "raVar", "type": "float"},
                                {"name": "decVar", "type": "float"},
                                {"name": "ra_dec_Cov", "type": "float"}
                                ]}]},
                {"name": "radecTai", "type": "double"},
                {"name": "mu", "type": [{"type": "record",
                        "name": "mu", "fields": [
                                {"name": "muRa", "type": "float"},
                                {"name": "muDec", "type": "float"}
                                ]}]},
                {"name": "parallax", "type": "float"},
                {"name": "muParallaxCov", "type": [{"type": "record",
                        "name": "muParallaxCov", "fields": [
                                {"name": "muRaVar", "type": "float"},
                                {"name": "muDecVar", "type": "float"},
                                {"name": "parallaxVar", "type": "float"},
                                {"name": "muRa_muDec_Cov", "type": "float"},
                                {"name": "muRa_parallax_Cov", "type": "float"},
                                {"name": "muDec_parallax_Cov", "type": "float"}
                                        ]}]},
                {"name": "muParallaxLnL", "type": "float"},
                {"name": "muParallaxChi2", "type": "float"},
                {"name": "muParallaxN", "type": "int"},
                {"name": "uPSFluxMean", "type": ["float", "null"]},
                {"name": "uPSFluxMeanErr", "type": ["float", "null"]},
                {"name": "uPSFluxSigma", "type": ["float", "null"]},
                {"name": "uPSFluxChi2", "type": ["float", "null"]},
                {"name": "uPSFluxN", "type": ["int", "null"]},
                {"name": "gPSFluxMean", "type": ["float", "null"]},
                {"name": "gPSFluxMeanErr", "type": ["float", "null"]},
                {"name": "gPSFluxSigma", "type": ["float", "null"]},
                {"name": "gPSFluxChi2", "type": ["float", "null"]},
                {"name": "gPSFluxN", "type": ["int", "null"]},
                {"name": "rPSFluxMean", "type": ["float", "null"]},
                {"name": "rPSFluxMeanErr", "type": ["float", "null"]},
                {"name": "rPSFluxSigma", "type": ["float", "null"]},
                {"name": "rPSFluxChi2", "type": ["float", "null"]},
                {"name": "rPSFluxN", "type": ["int", "null"]},
                {"name": "iPSFluxMean", "type": ["float", "null"]},
                {"name": "iPSFluxMeanErr", "type": ["float", "null"]},
                {"name": "iPSFluxSigma", "type": ["float", "null"]},
                {"name": "iPSFluxChi2", "type": ["float", "null"]},
                {"name": "iPSFluxN", "type": ["int", "null"]},

diaSource diaObjectalert

LSST Alert format example

LARGE SYNOPTIC SURVEY TELESCOPE
.S.. Ga1@Rej G�i2bi _2pBbBQM kyRd@yd@yR

Figure 5: Illustration of the conceptual algorithm design for Image Differencing, Difference
Image Analysis, and Alert Generation and Distribution pipelines.

The contents of this document are subject to configuration control and may not be changed, altered, or
their provisions waived without prior approval.
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https://github.com/lsst-sims/sims_alertsim



Next Steps

Lightcurves – present assimilated diaSource alerts in diaObjects: providing interactive 
webpages (linked to database), plots, ability to select ranges, submit user added points. 
Previous history from Pan-STARRS, DES, Skymapper, ATLAS, CRTS, PTF/ZTF

Postage stamps (if available) – all LSST detections and most recent non-detections. 
Plus multi-colour images from LSST, near infra-red (VISTA/UKIDSS), H-alpha (VPHAS) 
and EUCLID, or HST/JWST if space based imaging is available.

Massive catalogue cross-match - with star, galaxy,  AGN, x-ray, radio catalogues and 
provide enhanced classification (e.g. integrating machine learning) via "Sherlock"

Probabilistically classify all transients as:  supernova – kilonova – GRB – Tidal 
Disruption Event – AGN –  XRB –  CV – eruption star – microlens – orphan (e.g. use 
of first 24-48hrs lightcurve - rapid rise/decline?)



Next Steps

In real-time, cross-match to all other wavelength time-domain surveys : gamma-ray, x-
ray and radio (e.g. MEERKat/Thunderkat through 4pisky.org, Swift, SVOM, eRosita) 

Cross match to all previously known transients: supernovae, transients, gamma ray-
bursts, x-ray and radio burst sources (e.g. searching for currently unknown physical 
links over the time dimension)

Provide absolute mags when likely host spectroscopic (or photoZ) information is 
available

Multi-messenger cross-matching: 4D coincidence tag for LIGO/Virgo + IceCube

TOM outgest - especially 4MOST and SOXS



Current Plan



(39 ATels - including ePESSTO as of April 25 2019)

is being used



Summary

First prototype version is running.  See https://lasair.roe.ac.uk

User created queries always welcomed

LoI will be submitted

Scaling up to LSST has begun

Other data storage technologies being explored

lasair-help@lists.roe.ac.uk

https://github.com/lsst-uk/lasair/issues
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