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Large Synoptic Survey Telescope

Photo: Gianluca Lombardi
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lsst.org/scientists/keynumbers
lsst.org/science
lsst.org/participate

Large Synoptic Survey Telescope
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lsst.org/scientists/keynumbers
lsst.org/science
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Large Synoptic Survey Telescope
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Construction On Track
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 Data Management: dm.lsst.org

 Data Release Production – annual re-processing

 Current official plan – multi-epoch source modelling

Science Pipelines Plan
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 Largely improvements on SDSS pipeline

 Used to process Subaru-HSC data; see Bosch+18

 Galaxy modelling on co-added single-band images

Science Pipelines Today
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New Deblender - Scarlet
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github.com/fred3m/scarlet

Non-parametric SED & 
morphology solved via 

matrix factorization; see 
Melchior+18
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 Multi-Gaussian/shapelet* PSF

 Three galaxy model fits:
 Exponential (exp., Sersic n=1): disk-like
 de Vaucouleurs (dev., Sersic n=4) bulge-like
 CModel – linear combination of exp+dev

 Bulge+disk like

 Not true Sersics but multi-Gaussian approximation
 See Hogg & Lang 13

 Why? Fast & useful approximations

Current Galaxy Models

*Gaussians with Hermite polynomial perturbations; see Refregier 01
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 What models should we fit? My biases:
 add free single Sersic
 better bulge+disk
 3+ component models (e.g. add point source)

 How do we determine the ‘best’ models to fit?

 Fitting idealized templates not very useful

 Want real galaxies @ ~infinite S/N, resolution

Re-thinking Galaxy Modelling
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 (How) Should we do:
 Multi-wavelength
 Multi-object
 Multi-epoch

Re-thinking Galaxy Modelling
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 (How) Should we do:
 Multi-wavelength – Yes; free mag. per band
 Multi-object – Yes; crowded fields?
 Multi-epoch – No; unless necessary

Re-thinking Galaxy Modelling
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COSMOS – HST F814W (i+z)
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COSMOS – HSC-UltraDeep gri(zy)
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Galaxy Models

github.com/lsst-dm/multiprofitgithub.com/lsst-dm/multiprofit
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Galaxy Models

github.com/lsst-dm/multiprofitgithub.com/lsst-dm/multiprofit

χ2
ν
=4.937   3.532     2.709     2.835 

       
2.594    2.718      1.621     1.614     1.530

                                                                       cModel  devExp  devExpc  2-Sersic
Gauss.      Exp.       n=2       deV.       Sersic   f=0.82     f=0.04    f=0.04    f=0.12 
n=0.5           1            2            4          2.75       4, 1        4, 1         4, 1    6.2, 0.56
Re=29.7    31.4       43.9       88.8       60.7      89, 31   1.3, 41    1.4, 41   6.2, 40

*NOT 8-Gaussian approx.
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8-Gaussian Mixture Model

github.com/lsst-dm/multiprofit

2-Sersic model χ2
ν=1.530 (free ellipses)

8-Gaussian model χ2
ν=1.526 (shared ellipse)

one component, non-parametric radial profile

        Data                       Model             Residuals (D-M)   Residuals (D-M)/σ   Residuals (D-M)/σ



DAN TARANU - IAU 341: PANMODEL2018 18

 COSMOS-HST: Sersic better than devExp for ~50%

                                                      Sersic n=0.5

                                                      Sersic n=2

                                                      Sersic n=6

Metrics for Model Fits

github.com/lsst-dm/modelling_research
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 COSMOS-HST: 8-Gauss (same ellipses) vs 2-Sersic

                                                      Sersic n=0.5

                                                      Sersic n=2

                                                      Sersic n=6

Metrics for Model Fits

github.com/lsst-dm/modelling_research
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Experimental Multi-band Fits

github.com/lsst-dm/multiprofit

        Data                       Model             Residuals (D-M)   Residuals (D-M)/σ
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 LSST will detect billions of galaxies
 The data will be big but manageable
 The data is complex

 Data Management developing tools for turning 
pixels → (physical) parameters
 New deblender Scarlet and MultiProFit (not TM)
 Everything is open source!

 github.com/lsst – Science Pipelines

 See lsst.org/participate and lsst.org/science

 Community-driven requirements guide design

Conclusions
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 I promised something about dynamical modelling:

But what about...

Taranu+17
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MagRite (Taranu+17)

Taranu+17
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MagRite (Taranu+17)

Taranu+17
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Galaxy Models

github.com/lsst-dm/multiprofitgithub.com/lsst-dm/multiprofit

χ2
ν
=4.937   3.532     2.709     2.835 

       
2.594    2.718      1.621     1.614     1.530      2.570

                                                                       cModel  devExp  devExpc  2-Sersic
Gauss.      Exp.       n=2       deV.       Sersic   f=0.82     f=0.04    f=0.04    f=0.12     Sersic*
n=0.5           1            2            4          2.75       4, 1        4, 1         4, 1    6.2, 0.56     2.74
Re=29.7    31.4       43.9       88.8       60.7      89, 31   1.3, 41    1.4, 41   6.2, 40       61.3

*NOT 8-Gaussian approx.
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Galaxy Models

github.com/lsst-dm/multiprofitgithub.com/lsst-dm/multiprofit

χ2
ν
=4.937   3.532     2.709     2.835 

       
2.594    2.718      1.621     1.614     1.530      2.570

*NOT 8-Gaussian approx.

D
ata       M

ode l      D
-M

    (D
- M

)/σ

                                                                       cModel  devExp  devExpc  2-Sersic
Gauss.      Exp.       n=2       deV.       Sersic   f=0.82     f=0.04    f=0.04    f=0.12     Sersic*
n=0.5           1            2            4          2.75       4, 1        4, 1         4, 1    6.2, 0.56     2.74
Re=29.7    31.4       43.9       88.8       60.7      89, 31   1.3, 41    1.4, 41   6.2, 40       61.3
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