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The	LSST:	A	Database	of	the	Sky	

−  A	wide	(half	the	sky),	deep	(24.5/27.5	mag),	fast	(image	the	sky	once	every	3	days)	
survey	telescope.	Beginning	in	2022,	it	will	repeatedly	image	the	sky	for	10	years.	

−  The	LSST	is	an	integrated	survey	system.	The	Observatory,	Telescope,	Camera	and	
Data	Management	system	are	all	built	to	support	the	LSST	survey.	There’s	no	PI	
mode,	proposals,	or	)me.	
	

−  The	ulKmate	deliverable	of	LSST	is	not	the	telescope,	nor	the	instruments;	it	is	the	
fully	reduced	data.	LSST	is	a	facility	that	delivers	data	products	and	data	access	and	
analysis	services.	

Telescope	 	è 					Images	 	è					Catalogs	
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Loca)on:	Cerro	Pachon,	Chile	

Leveling	of	El	Peñón	(the	summit	of	Cerro	Pachón)	
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LSST	Site	(April	14th,	2015)	

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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The	Summit,	yesterday.	
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The	Support	Building	and	the	Pier	Taking	Shape	
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LSST	Observatory	(cca.	late	~2018)	

We	are	~2	years	away	from	the	observatory	building	being	close	to	complete!	
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M1/M3	mirror:	Done.	
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Mirror	cell	is	being	constructed	
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LSST	Camera	

Parameter	 Value	

Diameter	 1.65	m	

Length	 3.7	m	

Weight	 3000	kg	

F.P.	Diam	 634	mm	

1.65 m 
5’-5” 

–  3.2 Gigapixels, 189 4k x k4 CCDs 
–  0.2 arcsec pixels 
–  9.6 square degree FOV 
–  2 second readout 
–  6 filters 
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Summit	and	Base	Sites	
Telescope	and	Camera	

Data	Acquisi)on	
Crosstalk	Correc)on	

Long-term	storage	(copy	1)	
Chilean	Data	Access	Center	

Archive	Site	
Archive	Center	

Alert	Produc)on	
Data	Release	Produc)on	(50%)	

EPO	Infrastructure	
	Long-term	Storage	(copy	2)	
Data	Access	Center	

Data	Access	and	User	Services	

HQ	Site	
Science	Opera)ons	
Observatory	Management	
Educa)on	and	Public	Outreach	

Satellite	Processing	
Center	

(CC-IN2P3,	Lyon,	France)	
	

Data	Release	ProducEon	(50%)	
French	DAC	
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LSST	From	a	ScienKst’s	PerspecKve	

−  A	stream	of	~10	million	)me-domain	events	per	night,	detected	and	
transmi]ed	to	event	distribu)on	networks	within	60	seconds	of	
observa)on.	

−  A	catalog	of	orbits	for	~6	million	bodies	in	the	Solar	System.	

−  A	catalog	of	~37	billion	objects	(20B	galaxies,	17B	stars),	~7	trillion	
observa)ons	(“sources”),	and	~30	trillion	measurements	(“forced	
sources”),	produced	annually,	accessible	through	online	databases.	

−  Reduced	single-epoch,	deep	co-added	images.	

−  Services	and	compu)ng	resources	at	the	Data	Access	Centers	enabling	
limited	analysis,	produc)on,	and	federa)on	of	added	value	products.	

−  Web	APIs	enabling	the	use	of	remote	analysis	tools.	
−  Public	LSST	pipeline	code	for	deeper	insight	into	LSST	data	products.	

Level	3	
Level	1	

Level	2	
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The	Data	Products	DefiniKon	Document	

	
LSST	Data	Products	DefiniKon	
Document	
	
A	document	giving	a	high-level	
descrip)on	of	LSST	data	products.	
	
hYp://ls.st/dpdd	
	
	
Level	1	Data	Products:	Sec)on	4.	
	
Level	2	Data	Products:	Sec)on	5.	
	
Level	3	Data	Products:	Sec)on	6.	
	
Special	Programs	DPs:	Sec)on	7.	
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Level	1:	
	

Enabling	Discovery	and	Rapid	Follow-up	of	
Time	Domain	Events	
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Level	1	Data	Products:	Time	Domain	

−  Real-Kme	image	differencing	as	observing	unfolds	each	night	
	

−  Detec)on	performed	on	image	differenced	against	a	deep	template	
−  Measurement	performed	on	the	difference	image	and	direct	image	
−  Associated	with	pre-exis)ng	observa)ons	and	stored	in	a	database	

	
−  For	every	source	detected	in		

a	difference	image,	we	will		
emit	an	“Event	Alert”	within		
60	seconds	of	observa)on.		
	
The	primary	use	case	is	to		
enable	real-Kme	recogniKon		
and	follow-up	of	transients		
of	special	interest.	
	

CANDELS	(h]p://www.spacetelescope.org/images/heic1306d/)	
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Level	1	Data	Products	and	Flows	

Solar	System	
Object	Catalog	

(24	hrs)	

Level	1	SQL	
Database	

(24	hrs)	

Alerts	

(60	sec)	

Difference,	detect	
and	measure	

(5	sec)	

Level	1	Data	Store	
(internal)	

(50	sec)	

Images	

(24	hrs)	
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Level	1:	Time-Domain	Event	Alerts	

−  Each	alert	will	include	the	following:	
•  Alert	and	database	ID:	IDs	uniquely	iden)fying	this	alert.	
•  The	photometric,	astrometric,	and	shape	characteriza)on	of	the	

detected	source	
•  30x30	pixel	(on	average)	cut-out	of	the	difference	image	(FITS)	
•  30x30	pixel	(on	average)	cut-out	of	the	template	image	(FITS)	
•  The	)me	series	(up	to	a	year)	of	all	previous	detec)ons	of	this	source	
•  Various	summary	sta)s)cs	(“features”)	computed	of	the	)me	series	

−  The	goal	is	to	transmit	nearly	everything	LSST	knows	about	any	given	
event,	enabling	downstream	classificaKon	and	decision	making	without	
the	need	to	call	back	into	LSST	databases	(thus	introducing	extra	latency)	
	

−  We	expect	a	high	rate	of	alerts,	approaching	10	million	per	night.	
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LSST	Alert	Filtering	Service	

−  Most	end-users	will	not	be	interested	in	recep)on	of	the	full	stream,	but	only	
a	subset	that	matches	their	scienKfic	interest	(e.g.,	poten)al	SNe	
candidates,	variable	stars,	or	moving	objects).	

−  To	support	selec)ng	such	subsets	of	alert	candidates,	LSST	will	provide	an	
alert	filtering	service.	This	service	will	let	astronomers	create	simple	filters	
that	limit	which	alerts	are	ul)mately	forwarded	to	them.	

−  These	user	defined	filters	will	be	possible	to	specify	using	an	SQL-like	
declara)ve	language,	or	short	snippets	of	(likely	Python)	code	(n.b.	this	is	our	
current	thinking,	subject	to	change!).	
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Example	of	a	User-Defined	Filter	(a	sketch!)	

The	user	will	subscribe	to	the	alert	stream	by	specifying	a	filtering	func)on	such	as	the	
one	shown	above.	Once	specified,	only	the	alerts	for	which	the	func)on	returns	True	will	
be	forwarded	to	the	user’s	VOEvent	client.	
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Public	VOEvent	Brokers	and	Networks	

−  We	also	anKcipate	that	advanced,	public,	filtering	services	–	VOEvent	
brokers	–	will	be	established	by	the	community.	

−  These	may	provide	advanced	func)onality	such	as:	
•  cross-correla)on	of	LSST	alerts	with	external	catalogs	and	other	alert	streams,	
•  classifica)on	engines,	
•  more	extensive	annota)on	of	alerts,	
•  coordina)on	of	follow-up	groups,	
•  incorpora)on	of	other	contextual	informa)on	needed	to	decide	on	whether	a	

transient	is	worth	following	up.		

−  We	are	encouraging	the	community	to	self-organize	and	develop	such	alert	
brokers	and	networks.	

•  US:	ANTARES	project	led	by	NOAO	
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Level	1:	Solar	System	Objects	

−  Solar	System	objects	will	be	idenKfied	and	linked	together	based	on	
compaKbility	of	their	observed	posiKons	with	moKon	around	the	Sun.	
•  Enhanced	variant	of	MOPS	algorithm;	advanced	prototype	in	hand.	

−  Planning	to:	
•  Iden)fy	and	link	observa)ons	of	Solar	System	objects	
•  Measure	their	orbital	elements	
•  Measure	their	photometric	proper)es	
•  Expect	to	provide	orbits	for	>	60%	of	all	NEOs	brighter	than	H=22	
	

−  Availability:	within	24	hours	of	orbit	determinaKon	



22 BRAZILIAN LSST PARTICIPATION GROUP WEBINAR | DECEMBER 7, 2016. 

Level	2:	
	

Enabling	Deep	Sky	and	High-Precision	
Astrophysics	
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Level	2:	Annual	Data	Releases	

−  Well	calibrated,	consistently	processed,	catalogs	and	images	
•  Catalogs	of	objects,	detec)ons,	detec)ons	in	difference	images,	etc.	

	
−  Made	available	in	Data	Releases	

•  Annually,	except	for	Year	1	
-  Two	DRs	for	the	first	year	of	data	

−  Complete	reprocessing	of	all	data,	for	each	release	
•  Every	DR	will	reprocess	all	data	taken	up	to	the	beginning	of	that	DR	

−  Projected	catalog	sizes:	
•  18	billion	objects	(DR1)	 	 	è	 	 	37	billion	(DR11)	
•  750	billion	observaKons	(DR1) 	è 	 	30	trillion	(DR11)	
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Level	2:	Archive	Contents	

−  Processed	visits	(“calibrated	exposures”)	
•  Visit	images	with	instrumental	signature	removed,	background,	PSF,	zero-point	

and	WCS	determined	

−  Coadds	
•  Deep	coadds	across	the	en)re	survey	footprint	(mul)ple	flavors)	

−  Catalogs	of	Sources	
•  Measurements	of	sources	detected	on	calibrated	exposures	

−  Catalogs	of	Objects	
•  Characteriza)on	of	objects	detected	on	mul)-epoch	data	

−  Catalogs	of	ForcedSources	
•  Forced	photometry	performed	on	all	exposures,	at	loca)ons	of	all	Objects	

More	in	DPDD,	SecEon	5.4	

More	in	DPDD,	SecEon	5.3	
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LSST	Catalog	Contents	(Level	2)	

−  Object	characterizaKon	(models):	
•  Moving	Point	Source	model	
•  Double	Sérsic	model	(bulge+disk)	

-  Maximum	likelihood	peak	
-  Samples	of	the	posterior	(hundreds)	

−  Object	characterizaKon	(non-parametric):	
•  Centroid:	(α,	δ),	per	band	
•  Adap)ve	moments	and	ellip)city	

measures	(per	band)	
•  Aperture	fluxes	and	Petrosian	and	Kron	

fluxes	and	radii	(per	band)	
−  Colors:	

•  Seeing-independent	measure	of	object	
color	

−  Variability	staKsKcs:	
•  Period,	low-order	light-curve	moments,	

etc.	

LSST	Science	Book,		
Fig.	9.3	
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Level	3:	
	

Enabling	the	Crea)on	of	Added-Value	
Data	Products	
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Level	3:	Added	Value	Data	Products	

−  Level	3	Data	Products:	Added-value	products	created	by	the	community	
	

−  These	may	enable	science	use-cases	not	fully	covered	by	what	we’ll	generate	in	
Level	1	and	2:	
•  Catalogs	of	SNe	light	echos	
•  Characteriza)on	of	diffuse	structures	(e.g.,	ISM)	
•  Extremely	crowded	field	photometry	(e.g.,	globular	clusters)	
•  Custom	measurement	algorithms	

−  We	want	to	make	it	easier	for	the	community	to	create	and	distribute	Level	3	
products	
•  Enabling	limited	end-user	analysis	and	processing	at	the	LSST	data	center	
•  User	databases	and	workspaces	(“mydb”)	
•  (making	the	LSST	sotware	stack	available	to	end-users)	

	
−  Level	3	products	may	be	migrated	to	Level	2	(with	owners’	permission);	this	is	one	

of	the	ways	how	Level	2	products	will	evolve.	
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LSST	Data	Access	Center	Services	
	

Accessing,	Exploring,	and	Analyzing	
LSST	Data	
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Services	Offered	at	the	LSST	Data	Access	Center	

Portal! Notebook! Computing! Storage! Database! Software!
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Key	LSST	Deliverables:	The	Data	and	a	Way	to	Reach	It	

The	LSST	will	be	a	facility	whose	primary	mission	is	to	acquire,	process,	and	make	available	to	
the	data-rights	holders	the	data	collected	by	its	telescope	and	camera.	Our	primary	products	
are	the	stream	of	events	alerts	(Level	1)	and	Data	Release	data	products	(Level	2).	
	
To	make	those	products	available	and	useful	to	the	community,	we’re	building	two	Data	Access	
Centers	–	one	in	the	U.S.	and	another	one	in	Chile.	These	will	expose	the	LSST	data	to	the	data	
rights	holders	through	a	number	of	data	access	center	services.	
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LSST	Portal:	The	Web	Window	into	the	LSST	
Dataset	

Portal!

The	Web	Portal	to	the	archive	will	enable	browsing	and	visualiza)on	of	the	
available	datasets	in	ways	the	users	are	accustomed	to	at	archives	such	as	
IRSA,	MAST,	or	the	SDSS	archive,	with	an	added	level	of	interac)vity.	
	
Through	the	Portal,	the	users	will	be	able	to	view	the	LSST	images,	request	
subsets	of	data	(via	simple	forms	or	SQL	queries),	construct	simple	plots,	
and	generally	explore	the	LSST	dataset	in	a	way	that	allows	them	to	iden)fy	
and	access	(subsets	of)	data	required	by	their	science	case.	
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LSST	Portal:	The	Web	Window	into	the	LSST	
Dataset	

Portal!

The	Firefly	Web	Science	User	Interface	(Wu	et	al,	2016;	ADASS)	
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Next-to-the-data	Analysis:	Jupyter	Notebooks	

Portal! Notebook!

The	tools	exposed	through	the	Web	Portal	will	permit	simple	
explora)on,	subseung,	and	visualiza)on	LSST	data.	They	may	not,	
however,	be	suitable	for	more	complex	data	selec)on	or	analysis	tasks.	
	
To	enable	that	next	level	of	next-to-the-data	work,	we	plan	to	enable	
the	users	to	launch	their	own	Jupyter	notebooks	at	our	compu)ng	
resources	at	the	DAC.	These	will	have	fast	access	to	the	LSST	database	
and	files.	They	will	come	with	commonly	used	and	useful	tools	
preinstalled	(e.g.,	AstroPy,	LSST	data	processing	sotware	stack).	
	
This	service	is		similar	in	nature	to	efforts	such	as	SciServer	at	JHU,	or	
the	JupyterHub	deployment	for	DES	at	NCSA.	
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CompuKng,	Storage,	and	Database	Resources	

Portal! Notebook! Computing! Storage! Database!

Compu)ng,	file	
storage,	and	personal	
databases	(the	“user	
workspace”)	will	be	
made	available	to	

support	the	work	via	
the	Portal	and	within	

the	Notebooks.	
	
	

An	important		
feature	is	that	

no	ma]er	how	the	user	accesses	the	DAC	(Portal,	Notebook,	or	VO	APIs)	they	always	“see”	the	same	workspace.	



35 BRAZILIAN LSST PARTICIPATION GROUP WEBINAR | DECEMBER 7, 2016. 

How	big	are	US/Chile	DAC	user	resources	(@	DR2)?	

−  CompuKng:	
•  2,400	cores	
•  18	TFLOPs	

	

−  File	storage:	
•  U.S.:	3	PB	
•  Chile:	0.8	PB	

	
−  Database	storage	

•  U.S.:	2	PB	
•  Chile:	0.8	PB	

	

This	is	shared	by	all	users.	At	various	)mes	we	have	
es)mated	the	number	of	poten)al	users	to	be	in	the	
low	1000s	(relevant	for	file	and	database	storage).	
	
Not	all	users	will	be	accessing	the	compu)ng	cluster	
concurrently.	A	reasonable	guess	may	be	in	10-100	
range.	
	
Though	this	is	a	rela)vely	small	cluster	by	2020-era	
standards,	it	should	be	sufficient	to	enable	
preliminary	end-user	science	analyses	(working	on	
catalogs,	smaller	number	of	images)	and	crea)on	of	
some	added-value	(Level	3)	data	products.	
	
	
For	larger	endeavors	(e.g.,	pixel-level	reprocessing	
of	the	enKre	LSST	dataset),	the	users	will	want	to	
use	resources	beyond	the	LSST	DACs	(more	later).	
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LSST	Data	Access	Center	Services	

Software!

As	the	final	“piece	of	the	puzzle”,	we’re	also	be	making	available	the	source	code	
of	the	LSST	data	processing	sotware	(and	configura)ons	used	in	processing).	
	
This	will	enhance	reproducibility	of	the	LSST	data	products,	as	well	as	provide	
source-code	level	of	insight	into	algorithms	u)lized	by	LSST	data	processing.	
	
	
Having	the	source	code	may	also	enable	community	efforts	extend	and	apply	the	
LSST	codes	to	projects	beyond	the	LSST.	Some	efforts,	such	as	processing	of	HSC	
Survey	data	(Miyazaki	et	al.)	or	of	CFHT-LS	(Bou)gny	et	al.),	are	already	under	
way.	
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Punng	it	all	together:	

Portal! Notebook! Computing! Storage! Database! Software!
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How	we	(think)	we	will	work	with	LSST	data?	

−  Most	users	are	likely	to	begin	with	the	Web	Portal,	to	become	familiar	with	the	LSST	data	set	
and	query	smaller	subsets	of	data	for	“at	home”	analysis.	Some	may	use	the	tools	they’re	
accustomed	to	(e.g.,	TOPCAT,	Aladin,	AstroPy,	etc.)	to	grab	the	data	using	LSST’s	VO-
compa)ble	APIs.	
	

−  Some	users	may	choose	to	con)nue	their	analysis	by	u)lizing	resources	available	to	them	at	
the	DAC.	We’re	seung	aside	some	~10%	of	our	storage	and	compu)ng	resources	(~20-100	
TFLOPS)	to	enable	that.	We	will	use	this	to	power	a	JupyterHub-type	remote	analysis	
environment	and	a	small	HPC-type	processing	cluster.	It’s	quite	possible	that	a	large	frac)on	
of	end-user	(“single	PI”)	science	may	be	achievable	this	way.	
	

−  For	users	who	need	more,	they	may	be	able	to	apply	for	more	resources	at	adjacent	
compu)ng	facili)es.	For	example,	the	U.S.	DAC	will	be	located	in	the	Na)onal	Petascale	
Compu)ng	Facility	at	Na)onal	Center	for	Supercompu)ng	Applica)ons	(NCSA).	Significant	
addi)onal	supercompu)ng	is	expected	to	be	available	at	the	same	site	(e.g.,	NPCF	currently	
hosts	the	Blue	Waters	supercomputer).		
	

−  Finally,	rights-holders	may	build	their	own	DACs	or	compu)ng	facili)es	to	support	larger-
scale	processing,	reusing	our	sotware	(pipelines,	middleware,	databases)	to	the	extent	
possible.	
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LSST:	In	operaKons	by	2022.	

Portal! Notebook! Computing! Storage! Database! Software!


