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LSST:UK
• MoA signed in 2015 (STFC and LSST) 

• UK (through STFC) is funding 100 PI positions

• Each PI has 4 “junior associate” positions - grad students or 
postdocs  

• Benefits equivalent to US scientists :  “full access to LSST 
survey data and data products”

• LSST:UK decide the 500 positions in competitive application 
process : currently 90 of the 100 PI positions filled

• LSST:UK    Phase A : 2015 - 2019 (funded)

• LSST:UK    Phase B : 2019 - 2023 (submitted, under  review)  



Submitted to 
STFC 
(under review)



UK Data Access Centre 
•We	plan	a	DAC	to	meet	UK	science	requirements

• Curate	and	support	analysis	of		LSST	Data	Releases	
• IntegrateUK-held	mulB-wavelength	datasets	&	support	follow-up
• HosBng	and	operaBng	the	LASAIR	transient	broker
• FacilitaBng	UK	contribuBons	to	Science	CollaboraBon	computaBon

	Operate	as	a	node	in	a	coordinated	internaBonal	DAC	network

LSST:UK Consortium
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A	Different	View

The	Science	Platform	exposes	the	underlying	DAC	services	services	through	three	aspects:	the	Portal	(novice),	
the	Notebooks	(intermediate),	and	the	Web	APIs	(expert	and	remote	tools).

Through	these,	we	enable	access	to	the	Data	Releases	and	Alert	Streams,	and	support	next-to-the	data	

analysis	and	Level	3	product	creation	using	the	computing	resources	available	at	the	DAC.

• Full		funcBonality	of	the	
LSST	Science	PlaLorm	

• IRIS:	a	new	naBonal	
compuBng	infrastructure	
for	STFC-funded	science

(Project Lead : Bob Mann) 



UK Data Access Centre 
• Proto-typing relevant technologies : 

- Implementing UKIDSS DB in qserv 

- Comparing qserv performance on bare-metal DB nodes

- Processing ZTF alert stream with developing LASAIR broker 

- Trialing DESC simulation runs on GridPP (UK LHC grid)


•  Running Jupyter Notebooks under Kubernetes on OpenStack

•  Goal: proto-DAC running on IRIS by end of Phase A (March 2019), then 
hardened for production in time for start of Commissioning


Technical discussions underway with IN2P3 colleagues; keen to broaden 
discussion to include other International Contributors (esp. in Europe)


Contact Bob Mann (rgm@roe.ac.uk): LSST:UK Project Leader & DAC lead
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LSST:UK Phase B (under review) 

Four year programme of work 2019 - 2023 
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LSST + near-IR data fusion  

UK DAC will provide : 

• Combined LSST ugrizy  + VISTA YJHK  
• Catalogue level queries and image level re-analysis  
• Capability to re-process IR and LSST pixel data (matched phot 

algorithms)  
• Basis : LSST software stack + additional modules 
• Extension to EUCLID 

UK leads:
M. Banerji, 
R. McMahon



LSST + near-IR data critical combination   

Figure from :
Harry Ferguson (STScI) 

Obscured QSO hosts z ~ 2-3
Figure from :
Manda Banerji (Cambridge) 

UK workshop on “LSST multi-wavelength data fusion” 



3D LSST : photometric redshifts and error 
models  

UK DAC will provide : 

• Galaxy catalogue with reliable photo-z and errors 
• Propagate these to the DESC “Joint Probes” Cosmo pipeline 
• Covariance modelling code integrated into DESC 
• Extension to include NIR data 

ANNz2 : photometric redshift and probability 
distribution function estimation using Machine 
Learning (Sade, Abdalla, Lahav 2016)

UK leads:
B. Joachimi 
W. Hartley



Galaxy Morpholog, strong lenses from 
Machine learning 

• Catalogues of  galaxy morphology classifications :   
(Hocking et al. 2018 code)   
•  Benchmarked with Galaxy Zoo and HST

• Pipeline to deliver optimised sky-subtraction on any scale to preserve 
LSB structures 

• Algorithms to mitigate shredding by LSST software stack de-blenders
• Strong lens finders - machine learning techniques  

CFHT

SDSS

29.5m per arcsec

UK leads:
S. Kaviraj 
A. Verma  ++



LSST:UK Phase B (under review) 

Four year programme of work 2019 - 2023 
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[* Pronounced LAH-sir. Scots and Irish Gaelic for flash, flame]

-The UK: LSST Transient Server

UK DAC will : 
•  Be a broker for the full LSST transient alert stream 
•  Ingest all LSST alerts in UK database 
•  Provide user access and value added (Level 3) data products  

UK leads:
S. Smartt, K. Smith, D. Young (QUB)
R. Williams, A. Lawrence (Edinb.) 
M. Sullivan (Soton), I. Hook (Lanc.)



{
        "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 diaObject

alert

LSST Alert format example

https://github.com/lsst-sims/sims_alertsim





Science products - kilonova ! 
Multi-wavelength and multi-messenger transient 

astronomy on tap 
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doi:10.1038/nature24303

A kilonova as the electromagnetic counterpart to a 
gravitational-wave source
A list of authors and their affiliations appears at the end of the paper.

Gravitational waves were discovered with the detection of binary 
black-hole mergers1 and they should also be detectable from lower-
mass neutron-star mergers. These are predicted to eject material 
rich in heavy radioactive isotopes that can power an electromagnetic 
signal. This signal is luminous at optical and infrared wavelengths 
and is called a kilonova2–5. The gravitational-wave source 
GW170817 arose from a binary neutron-star merger in the nearby 
Universe with a relatively well confined sky position and distance 
estimate6. Here we report observations and physical modelling of a 
rapidly fading electromagnetic transient in the galaxy NGC 4993, 
which is spatially coincident with GW170817 and with a weak, 
short γ-ray burst7,8. The transient has physical parameters that 
broadly match the theoretical predictions of blue kilonovae from 
neutron-star mergers. The emitted electromagnetic radiation can 
be explained with an ejected mass of 0.04 ± 0.01 solar masses, with 
an opacity of less than 0.5 square centimetres per gram, at a velocity 
of 0.2 ± 0.1 times light speed. The power source is constrained to 
have a power-law slope of −1.2 ± 0.3, consistent with radioactive  
powering from r-process nuclides. (The r-process is a series of 
neutron capture reactions that synthesise many of the elements 
heavier than iron.) We identify line features in the spectra that 
are consistent with light r-process elements (atomic masses of 
90–140). As it fades, the transient rapidly becomes red, and a 

higher-opacity, lanthanide-rich ejecta component may contribute 
to the emission. This indicates that neutron-star mergers produce 
gravitational waves and radioactively powered kilonovae, and are a 
nucleosynthetic source of the r-process elements.

The Advanced Laser Interferometer Gravitational-Wave Observatory 
(LIGO) and Advanced Virgo interferometer experiments9,10 detected 
gravitational-wave emission (called GW170817) on 17 August 2017 
12:41:04 universal time (ut) (modified Julian date MJD 57982.528524)6 
from the merger of two in-spiralling objects consistent with being a 
neutron-star binary. The source and initial skymap were announced 
to the collaborating  follow-up groups on 17 August 2017 13:08:17 ut. 
The small sky area of 33.6 square degrees of the 90% probability con-
tour in the combined LIGO and Virgo analysis (in the LALInference 
map11,12) prompted us to plan to tile the region with our Pan-STARRS 
program to search for electromagnetic counterparts of gravitational 
wave sources. However, given the low elevation and report of a transient 
discovery13 in a galaxy within the volume constrained by LIGO–Virgo 
(released on 18 August 2017 01:05:23 ut)13, we changed strategy to 
gather early multi- colour photometry of the source called ‘SSS17a’13 
and ‘DLT17ck’14 by the two teams, and now formally registered 
with the IAU name AT 2017gfo. We began imaging the source on 18 
August 2017 05:33 ut with the Panoramic Survey Telescope and Rapid 
Response System (Pan-STARRS1) and then took our first spectrum 
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Figure 1 | Observational data summary. 
a, The position of AT 2017gfo lying within 
the LIGO–Virgo skymap6,11. The outermost 
contour marked represents the 90% 
enclosed probability. b, Colour composite 
image of AT 2017gfo from GROND on 18 
August 2017 (MJD 57983.969), 1.44 days 
after the discovery of GW170817. The 
transient is 8.50″ north, 5.40″ east of 
the centre of NGC 4993, an S0 galaxy 
at a distance of 40 ± 4 Mpc. This is a 
projected distance of 2 kpc. The source is 
measured at position of right ascension 
α = 13 h 09 min 48.08 s (±0.01 s), declination 
δ(J2000) = − 23° 22′ 53.2″ (±0.1″) in our 
Pan-STARRS1 images. c, ATLAS limits 
between 40 and 16 days before discovery 
(orange filter), plus the Pan-STARRS1 and 
GROND r- and i-band light curve.  d, Our 
full light curve data, which provides a reliable 
bolometric light curve for analysis.  In c and 
d, the arrows indicate upper limits (3σ) and 
the error bars are the 1σ uncertainties on the 
measured points.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



Spectroscopic follow-up at ESO 

UK DAC will : 
•  Provide targets immediately for ESO follow-up (classified by ML)  
•  ESO’s   NTT      :    SOXS (son of xshooter) 
•  ESO’s   4MOST  :    4 sq degrees + 2400 fibres 
•  VLT + xshooter 
•  Ingest data and classifications/redshifts back into Lasair  

TiDES : Time Domain 
Extragalactic Survey 
250,000 Fibre hours
(Sullivan, Hook, Nichol et al.  

 

SOXS GTO (PI: S. Campana)
50% of telescope GTO for 
transients (2021-2026)

 



1. Major investment by the UK in LSST 
2. Proposal to build a UK Data Access Centre (DAC) - at 

University of Edinburgh 
3. Build and exploit UK expertise and heritage - distributed 

through UK 
• Massive multi-wavelength archives and data  
• Galaxy photometry and photo-z 
• Image analysis, lensing (weak and strong) 
• Star/galaxy separation 
• Processing and discovery of transients 
• Solar system science 

4. Major funding proposal  to STFC under review - aim is to 
work with international collaborators in LSST to deliver data 
products and access 

Summary 


