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What"we"use"MAF"for"

−  Did"the"scheduler"do"reasonable"things?"
−  Did"we"meet"the"quanIfied"Science"Requirements"Document"

(SRD)"requirements?"
−  How"well"can"we"do"different"sciences"with"the"survey?"

All"Python."Tried"to"make"it"easy"for"
the"community"to"extend"MAF."
Write"your"own"metric"and"push"the"
results"into"our"git"repo!"
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We"can’t"do"it"all"

−  While"we"have"all"the"tools"to"simulate"LSST"endXtoXend,"
that’s"preYy"computaIonally"expensive"

−  For"a"10"year"LSST"survey,"we"will"observe"1016"pixels!"We"
need"to"approximate"a"few"of"those"components"when"doing"
the"scheduling"strategy"opImizaIon"
–  Rather"than"use"a"catalog"of"objects,"assume"a"simple"
distribuIon"of"sources"(e.g.,"a"uniform"grid"of"galaxies)"

–  Rather"than"use"PhoSim+DM,"just"assume"Gaussian"noise"
or"simple"centroiding"errors"

CatSim"+"OpSim"X>"PhoSim"X>"DM"=>"observed"catalog"

Opsim"+"MAF"X>"what"fracIon"of"my"galaxies"are"“well"
observed”,"how"many"SN"Ia"do"I"discover,"how"precise"is"the"
astrometric"soluIon,"etc."
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The"OperaIons"Simulator"

−  OpSim"is"our"source"for"what"these"2.5"million"visits"might"
look"like."
–  Includes"real"weather"log"
–  Scheduled"and"unscheduled"down"Ime"
–  A"scheduler"that"balances"several"science"goals"

−  OpSim"scheduler"based"on"“Proposals”"
– WideXFastXDeep"(aka,"“the"main"survey”):""Cover"~20,000"
sq"deg"

–  North"EclipIc"Spur:""Solar"system"objects"
–  Deep"Drilling"Fields:""~6"deep"fields"
–  GalacIc"Plane"
–  South"CelesIal"Pole"
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The"Proposals"

NES"

SCP"

GP"

WFD"

DD"
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What’s"in"OpSim"Output"

More"documentaIon"on"OpSim""
Summary"table"here:"
hYp://ls.st/5d8"

For$each$visit,$Opsim$records$
RA,Dec'
Filter'
MJD'
Night"
visitTime"
Seeing'
Airmass'
Skybightness'
RotaIon"angle"of"the"camera"
LST"
Alt,Az"
Distance"to"moon"
Distance"to"Sun"
Moon"posiIon"
Moon"phase"
5Isigma'depth'(so'can'calc'SNR'of'an'object)'
Dithered"RA,Dec"
And"more…"
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OpSim"Warnings"

−  OpSim"records"LSST"“visits”"
•  1"visit"="2"backXtoXback"exposures!"

−  By"default,"OpSim"uses"fixed"fields"and"does"not"dither"
−  There"can"be"“repeated”"entries"in"the"Summary"table"if"a"

visit"is"used"for"mulIple"proposals"(e.g.,"a"visit"can"count"
towards"WFD"and"Deep"Drilling).""

ObservaPon'
ID'

Proposal'
ID'

MJD'
'

RA' DEC'

10" DD" 3456.4" 0:42:44" 41:16:09"

11" DD" 3456.8" 10:39:37" 43:06:09"

12" WFD" 3456.8" 10:39:37" 43:06:09"

13" WFD" 3457.1" 05:34:32" 22:00:52"

Not"unique"

In#MAF,#we#take#care#of#
this#by#doing#a#SQL#“group#
by”#on#the#expMJD.#
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MAF"Warnings"

−  By"default,"we"assume"if"an"object"is"within"1.75"degrees"of"
the"center,"it"gets"observed."

−  This"is"~11%"opImisIc"given"chip"gaps,"etc."

You"can"run"with"the"
full"focalXplane"
geometry,"but"it"slows"
things"down"a"bit."
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With"and"Without"Chip"Gaps"
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And"now"with"dithering"
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Simple"Stuff"

−  MAF"can"computes"means,"medians,"etc"of"columns."Also"
simple"histograms."

−  MAF"tries"to"build"reasonable"Itles"and"axis"labels."
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HEALpixels"

−  For"our"spaIal"binning,"we"use"HEALpixels"
–  Equal"area"pixels"
–  Popular"with"cosmologists,"rapidly"compute"power"spectra"
–  Or,"use"a"custom"list"of"RA,Dec"points"
–  Can"also"bin"by"OpSim"field"ID.""Faster,"but"field"overlaps"are"
not"resolved"



14"LSST"Cadence"Workshop"•"Bremerton,"WA"•"2015"

One"way"to"think"about"the"Healpix"grid"

Which"observaIons"
overlap"star/galaxy/
healpixel"#1?""
Pass"those"to"the"
metric"algorithm"and"
save"the"result"

Which"observaIons"
overlap"star/galaxy/
healpixel"#2?""
Pass"those"to"the"
metric"algorithm"and"
save"the"result."
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MAF"Examples"

Survey"DB"

Slicer"

Metric"

Outputs"(plots)"

Filter"="‘g’"

Coadded"depth"
Given"single"visit"depths"

HealpixSlicer"

What"is"the"coadded"depth"across"the"
sky"in"g"band?"
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nside=128,"27.5"arcmin"resoluIon"
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Nside=512,"6.9"arcmin"resoluIon"
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Nside=1024,"3.4"arcmin"resoluIon"
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MAF"Examples"

Survey"DB"

Slicer"

Metric"

Outputs"(plots)"

Filter"="‘g’"

Coadded"
depth"
Given"single"
visit"depths"

HealpixSlicer"
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Healpixels"let"us"compute"Power"Spectra"

Peak#at#l=140#(~1#degree),#
caused#by#field#overlaps#
Peak#at#l=270#from#triple#
overlaps.#
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Healpix"beyond"RA,Dec"

−  The"HealpixSlicer"defaults"to"RA,Dec,"but"can"be"set"to"use"
Alt,Az"or"eclipIc"coordinates."
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AddiIonal"CapabiliIes"

−  Summary"StaIsIcs"""
−  Stackers:""Adding"derived"columns"
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Summary"Stats"on"a"HealpixSlicer"

e.g.,"
Mean"and"RMS"of"metric"values"

Survey"DB"

Slicer"

Metric"

Outputs"(plots)"

Filter"="‘g’"

Coadded"
depth"
Given"single"
visit"depths"

HealpixSlicer"

Summary"stats"
Compute"a"metric"
on"your"results"
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Add"a"pseudoXcolumn"

Survey"DB"

Slicer"

Metric"

Outputs"(plots)"

SomeImes"it’s"convenient"to"
calculate"a"new"column"that"
isn’t"present"in"Opsim"before"
slicing"the"data."
"
For"example,"normalized"
airmass,"parallax"factor,"
dither"offset,"hour"angle."
"
We"have"“stackers”"that"
allow"you"to"stack"new"
columns"onto"the"SQL"results"
before"they"are"passed"to"the"
slicer."(we’re"calling"them"
stackers"since"we"are"using"
the"numpy"stack"funcIons"to"
add"columns"to"numpy"
arrays)"

Stacker"

SQL"query"

Add"column"
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Scheduler"ValidaIon"

−  Checks"things"like"number"
of"visits,"airmass"
distribuIon,"coadded"
depth."

−  MAF"includes"a"semiX
intelligent"web"display"
(u,g,r,i,z,y"order,"etc)"
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Scheduler"ValidaIon,"Examples"

Slew"distribuIon"(most"
slews"are"short,"small"
peak"for"filter"changes)."
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Scheduler"ValidaIon,"Examples"

Filter"changes"
per"night"
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Scheduler"ValidaIon,"Examples"
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Scheduler"ValidaIon,"Examples"

2.4"million"visits"

ShuYer"open"73%"of"the"
Ime"(so"27%"reading,"
slewing,"changing"filter)"
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Scheduler"ValidaIon,"Examples"

−  Number"of"visits"
−  CoXadded"depth"
−  Mean/median"seeing,"airmass,""

skybrighntess"
−  572"plots"generated"per"OpSim"run"

by"Scheduler"ValidaIon"
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[Generate'so'many'plots]'
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Science"Performance"

−  SRD"metrics"for"proper"moIon,"parallax,"and"rapid"revisits.""
−  Things"like"uniformity,""

coadded"depth"with"dithering"
−  CompuIng"with"healpixels"rather"

"than"per"field"
−  Another"343"plots"
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Details"of"Our"Science"Metrics"

−  The"Scheduler"ValidaIon"uses"mostly"simple"metrics"(mean,"
median,"RMS,"etc)""

−  Science"metrics"tend"to"be"more"complicated"
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Proper"MoIon"and"Parallax"

Time"

Po
siI

on
"

Error"bar"determined"by"
seeing,"image"depth,"
systemaIc"limit"

σ1"="FWHM/SNR"
σ2"="0.01"arcsec"

We"can"then"compute"the"
uncertainty"on"the"slope"of"
the"bestXfit"line"(only"a"
funcIon"of"Imes"and"
uncertainIes)."

Put"a"24th"mag"star"at"each"
healpixel,"compute"proper"
moIon"precision"(defaults"to"flat"
SED,"but"can"pick"spectral"type)"
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Transients"

−  Transient"light"curve"as"a"simple"
sawXtooth"

−  Set"detecIon"criteria"
–  Number"of"points"before"peak"
–  Number"of"filters"
–  How"evenly"the"curve"must"be"
sampled"

−  Set"off"the"transient"conInuously"at"
each"healpixel"and"find"the"fracIon"
that"meet"detecIon"criteria"

"
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Transient"Metric"Configured"for"SNe"Ia"

−  Transient"metric"configured"for"z=0.5"SN,"different"detecIon"
thresholds."h;p://ls.st/10w"

"
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Period"fivng"

−  Use"scipy’s"Lomb–Scargle"
periodogram"to"check"how"
well"a"period"can"be"fit"
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Time"Delay"Metric"

−  Strong"lens"Ime"delay,"
accuracy,"precision"and"
success"fracIon"

Metric"contributed"by"Phil"Marshall"
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Some"obvious"things"we"could"use"

−  Configure"the"period"finding"metric:"
–  Can"we"get"Cepheid"distances"to"all"the"Local"Group"
galaxies"

–  Can"we"get"RR"Lyrae"periods"in"the"halo?"
−  Check"for"degeneracies"in"the"astrometry"observaIons"(e.g.,"

parallax"and"diffracIon)"
−  Metrics"for"the"Deep"Drilling"Fields"
−  Metrics"for"the"LMC/SMC"
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MAF"on"other"surveys"

−  We’ve"used"MAF"to"look"at"SDSS"Stripe"82,"VISTA,"and"CFHT"

VISTA"JXband"depth" Stripe"82"mean"seeing"

Take#any#poinRng#history,#put#it#in#a#database,#
and#MAF#can#start#making#plots!#
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AcIve"Research"With"MAF"

−  Dither"strategies"on"galaxy"power"
spectrum"

−  OpImizaIon"for"transient"objects"
−  Including"solar"system"objects"

– 10 –

Fig. 6.— Periodogram purity function values for each field in two simulated observing runs, opsim-
blitz2 1060 on the left, and ops2 1078 on the right. An ideal time sampling would have a periodogram
purity function value of 1; this function is only dependent on the times of observation.

a more sophisticated understanding of what phases LSST will be able to best recover, particularly in the

Lund"et"al.,"in"prep"

– 13 –(a) (b)

(c) (d)

(e) (f)

Fig. 6.— Angular power spectra for artificial fluctuations in r-band galaxy counts from various

strategies; thick black curve in all the plots is an example BAO signal, for redshift between 1.5

and 2. Panel (a) includes the spectra for all strategies, with its zoomed version shown in Panel

(b). Panel (c) includes those for FieldPerNight strategies, Panel (d) for PerNight, Panel (e) for

PerSeason, and Panel (f) for FieldPerVisit strategies.

Awan"et"al,"in"prep"
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Homework"1"

We"want"more"metrics"(and"help"configuring"the"metrics"
we"have)!"
"
Given"a"list"of"observaIons"at"a"spot"in"the"sky,"how"well"
can"you"do"your"science?"What'is'the'algorithm?'
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Homework"2"

OpSim" MAF"

Given"OpSim,"we"can"use"MAF"to"compute"the"parallax"precision."Is"
that"good"enough"to"detect"a"new"stream"in"the"halo?"
"
We"can"now"say"when"one"OpSim"run"is"“beYer”"or"“worse”"wrt"some"
metric."Now"we"need"to"figure"out"if"it’s"“beYer"enough"to"care”."

We"need"help"connecIng"metric"outputs"to"
science"results!"
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Conclusions"

−  MAF"is"a"handy"tool"for"analyzing"survey"performance"
−  We’d"like"more"science"metrics!"Need"to"Ie"metrics"to"

discovery"thresholds."
−  Go"use"it!"Lots"of"example"iPython"notebooks"in"the"git"repo"

to"help"people"get"started:""
–  sims_maf_contrib"(includes"tutorial"iPython"notebooks):"
hYps://github.com/LSSTXnonproject/sims_maf_contrib""
h;p://ls.st/zm9"

–  sims_maf:"hYps://github.com/lsst/sims_maf""
h;p://ls.st/k1f'

−  Don’t"forget"to"cite"MAF,"OpSim,"and"LSST:"
h;p://ls.st/ll9"
"
"
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LSST"Ecosystem"

Data'Management'(aka'DM):""Take"a"bunch"of"raw"images"and"process"them"to"make"
catalogs"
"
Sims:"
•  Photon'Simulator'(aka'PhoSim):"Simulate"LSST"images"by"tracing"photons""

•  Catalog'Simulator'(aka'CatSim):"A"realisIc"catalog"of"objects"LSST"could"observe"(Stars,"
galaxies,"etc)"

•  CalibraPon'SimulaPon'(aka'CalSim):"UberXcal"for"LSST"

•  OperaPons'Simulator'(aka'OpSim):"Simulate"the"operaIons"of"the"telescope"(moIon"of"
the"motors)"as"well"as"the"scheduling"of"observaIons."

•  Metric'Analysis'Framework'(MAF):"Analyze"and"visualize"how"well"an"astronomical"survey"
performs."

The"(LSST)"Stack"
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A"beYer"name?"

Survey"Performance"Analysis"Tool"
SPAT"
"""


