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An overview of metrics in MAF

● A list of all metrics in rubin_sim is available in the online documentation  
● @ rubin-sim.lsst.io  https://rubin-sim.lsst.io/rs_maf/metricList.html 
● Can be helpful for finding more information on a specific metric 

● We don’t run all of these metrics though 
● Some aren’t obviously useful (e.g. ‘FftMetric’ to calculate FFT of visit times) 
● Some may be redundant with other metrics - can we just run one for simplicity, ease of use/

interpretation, or are they really different? 
● Some we don’t know how to configure to provide meaningful information 

● To see what we are currently running - look at the metric outputs  
● http://astro-lsst-01.astro.washington.edu:8080/  (multiple metric outputs per run) 

● Knowing HOW a metric is run is important - the configuration changes the output and meaning.   
● Configuration details generally captured in metric output names; `maf.batches` provide the 

exact details. 
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What metrics are we running?

● Attempt to list and categorize them here: Look at output metric pages for more details 
● https://astro-lsst-01.astro.washington.edu:8080/ 

● ‘Glance’ - a small group of metrics we can run fast and check to see if 
simulation had anything go really obviously wrong 

● ‘Metadata’ - a large group of metrics that catalog basic things about the visits 
(things like airmass distributions, intervisit gaps, saturation magnitudes, 
coadded depths, number of visits, ..) 

● ‘SSO’ - metrics for solar system objects (time intensive to run and require 
extra steps for evaluation, thus saved separately, but really useful for SSO 
science) 

● ‘Science’ - a growing group of metrics targeted at high-level science evaluation 
(TDE discovery, Microlensing discovery, cosmology static science metrics, ..)
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‘Glance’ metrics 

● Most of the glance metrics are aimed at detecting problems 
with the simulation 

● Number of visits, coadded depth, number of visits as a 
function of alt/az, visits associated with various ‘notes’ in 
the scheduler output, filter changes and open shutter 
fraction, slew information, basic SRD metrics (fO/
astrometry) — mostly useful for SST 

● ‘Hourglass’ shows when filters are used 
● ‘Roll check’ snapshots a bit of the rolling cadence and can be 

helpful for visualizing rolling cadence general effect
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‘Metadata’ metrics

● Primarily characterizing physical properties of the 
simulation 

● Airmass, Normalized airmass, Alt/Az, Single visit 
depth, Coadded depth (with and without galactic 
dust extinction), Saturation magnitudes, Hour 
Angle, Distance to Moon, Rotation angle, Sky 
brightness, Solar elongation, Seeing, T_eff, 
Number of visits (per night, per filter, on the sky..) 

● Open Shutter fraction, Filter changes, Slew times, 
Number of visits 

● Intranight gaps, Internight gaps, Interseason gaps 
and length, Pair fractions 

● SRD metrics - fO, parallax, proper motion, rapid 
revisits
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‘SSO’ metrics - Discovery

● Suite of metrics, run with multiple populations of solar system objects 
● Discovery metrics : different criteria for discovery (3 pairs in 15 nights, 3 pairs in 30 

nights, 6 singles in 60 nights, Trailed discovery)
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‘SSO’ metrics - characterization
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● Basic suite of metrics, multiple populations of solar system objects 
● Characterization metrics 

● Likelihood of detecting activity lasting a given length of time 
or fraction of the period 

● Color determination 
● Lightcurve inversion 
● For these, details of the metrics change for different 

populations (primarily ‘inner’ vs. ‘outer’ solar system)

Populations:  
PHA, NEO (Granvik) 
MBA, Jovian Trojan, (Grav S3M) 
TNO (L7 model), SDO (Shenkman)
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‘Science’ metrics

● We place these in some general categories 
● we know there are overlaps & things we’ve split into 

different categories than someone else might use 
● SRD metrics - defined by SRD 
● Cosmology (DESC) - more specifically, DESC static science 

driven by WFD + SNIa 
● Variables/Transients - A variety, featuring several metrics 

that simulate the light curves of an input population and 
look at specific discovery/identification requirements 

● AGN - AGN in the WFD 
● Galaxies - Number of galaxies 
● Milky Way - Number of stars & brown dwarfs
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Science Metrics: SRD - fO

● Area covered to minimum number of visits per pointing,  
● Median and Minimum number of visits per pointing over given area, 
● fO metrics (fO area, fO N_v)
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Minimum Design

Area 15,000 
deg^2

18,000 
deg^2

Visits 750 825
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Science Metrics: SRD - parallax

● Parallax Error 
● Also calculate normalized parallax error (comparison to ‘best possible’ if all visits 

6 months apart), and parallax factor coverage and parallax-DCR degeneracy 
● Calculated for flat SED @ r=22.4 and r=24.0 (but could use others)
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Science Metrics: SRD - proper motion

● Proper motion errors 
● Also calculate normalized proper motion error (comparison to ‘best possible’ all 

visits at first and last day of the survey).  
● Calculated for flat SED @ r=20.5 and r=24.0 (but could use others)
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Science Metrics: SRD - rapid revisits

● SRD specifications on visits gaps between 40s and 30 minutes 
● Count of ‘quick revisits’ + ‘rapid revisit metric’
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Science Metrics: Cosmology

● DESC static science metrics evaluated on dust-extinction coadded depth in i band 
● Area that meets depth requirements, coadded depth, RMS of coadded depth, 

3x2pt FOM emulator 
● Number of galaxies visible in this footprint 
● Median number of visits per pointing
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Science Metrics: Cosmology - SNIa

● SNIa metric creates a population of SN, evaluates resulting ‘observations’ of the SN in 
the simulation against criteria for discovery/identification. Counts number detected 
and median redshifts.
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Science Metrics: Cosmology - SLSN

● Similar to SNIa, but searching for a Strongly Lensed SN population (rare) - returns 
number detected
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Science Metrics: Variables/Transients - KNe

● KNe metric - injects KNe light curves into simulated visits at uniform points on the sky 
& evaluates what could be detected. KNe metric returns counts of expected sources 
using a range of different detection criteria. 
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Science Metrics: Variables/Transients - Microlensing

● Microlensing metric - injects microlensing light curves with a variety of crossing times, 
distributed across the sky according to stellar density maps, evaluates whether the 
light curve amplification could be detected in the resulting observations  

● Using several ‘bins’ of crossing times - 1 to 10, 10-30, 30-100, 100-1000 days - to 
evaluate the microlensing detection rate
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Science Metrics: Variables/Transients - TDE

● TDE metric - injects TDE light curves uniformly across the sky, evaluates possibility of 
detection using a range of criteria
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Science Metrics: Variables/Transients - Time Gaps

● Number and fraction of gaps between visits, looking specifically for time between 
visits of between 2-14 hours and around 1 day
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Science Metrics: Variables/Transients - Periodic Stars

● PeriodicDetect metric evaluates if, given a sinusoidal LC of a given period and 
amplitude, the resulting variability could be distinguished from a uniform light curve 

● Run at a variety of periods, amplitudes, and mean magnitudes 
● Tend to see:  

● @ r=21, can detect amplitude=0.05;  
● @ r=24 usually need amplitude=1 
● For Periods < 1 day: uniform and good 
● For Periods > 1 days: uniform and good 
● For Periods = 1 day: 

● some non uniformity 
● lower performance
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Science Metrics: AGN - nQSO

● Coadded depth + dust extinction + quasar luminosity function = number of expected 
QSOs 

● (Will update to run in each bandpass)
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Science Metrics: AGN - Time Lags

● Look at gaps between visits, compare to how often sample the sky compared to a 
defined ‘lag’ (interval) — counting sampling intervals
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Science Metrics: AGN - Structure Function Error

● Evaluate the time gaps at a point in the sky, including SNR (given fiducial magnitude 
for the object), translate to estimate in error on SF that would result 
● Using magnitudes 0.5 brighter than mean individual image depth 
● Includes dust extinction for each visit
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Science Metrics: Galaxies - nGalaxies

● Count the expected number of galaxies across the sky, based on coadded depth in i 
band
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Science Metrics: Milky Way - N stars

● Count the number of stars across the sky, based on coadded depth — and including or 
not-including crowding effects 
● Does not include 3d dust model (or any dust extinction) 
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Science Metrics: Milky Way - Brown Dwarfs

● ‘Brown Dwarf Parallax Metric’ - calculates the distance to which a given parallax SNR 
could be measured, for the specified spectral type 
● Then calculates the total volume which can be probed to a parallax SNR of (10) 

for a population of L7 brown dwarfs
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What metrics are we running?

● Attempt to list and categorize them here: Look at output metric pages for more details 
● https://astro-lsst-01.astro.washington.edu:8080/ 

● ‘Glance’ - a small group of metrics we can run fast and check to see if 
simulation had anything go really obviously wrong 

● ‘Metadata’ - a large group of metrics that catalog basic things about the visits 
(things like airmass distributions, intervisit gaps, saturation magnitudes, 
coadded depths, number of visits, ..) 

● ‘SSO’ - metrics for solar system objects (time intensive to run and require 
extra steps for evaluation, thus saved separately, but really useful for SSO 
science) 

● ‘Science’ - a growing group of metrics targeted at high-level science evaluation 
(TDE discovery, Microlensing discovery, cosmology static science metrics, ..)
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