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(all the stars) 
Melissa Ness, Columbia University, Feb 24, 2020 
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Who am I?
1) Survey Scientist  — SDSS V’s Milky Way Mapper 
2) I derive measurements from stellar spectra (Teff, logg, age, chemical abundances): 

use these to say things (about Galaxy’s formation) 
3) Build (simple) data-driven (generative) models: R=30,000 to 1800

.
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Who am I?
1) Survey Scientist  — SDSS V’s Milky Way Mapper 
2) I derive measurements from stellar spectra (Teff, logg, age, chemical abundances): 

use these to say things (about Galaxy’s formation) 
3) Build (simple) data-driven (generative) models: R=30,000 to 1800

.
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Who am I?
1) Survey Scientist  — SDSS V’s Milky Way Mapper 
2) I derive measurements from stellar spectra (Teff, logg, age, chemical abundances): 

use these to say things (about Galaxy’s formation) 
3) Build (simple) data-driven (generative) models: R=30,000 to 1800

.

red giant
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Who am I?
1) Survey Scientist  — SDSS V’s Milky Way Mapper 
2) I derive measurements from stellar spectra (Teff, logg, age, chemical abundances): 

use these to say things (about Galaxy’s formation) 
3) Build (simple) data-driven (generative) models: R=30,000 to 1800

.

red giant main sequence
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Who am I?
1) Survey Scientist  — SDSS V’s Milky Way Mapper 
2) I derive measurements from stellar spectra (Teff, logg, age, chemical abundances): 

use these to say things (about Galaxy’s formation) 
3) Build (simple) data-driven (generative) models: R=30,000 to 1800

red giant main sequence
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Characterise what information we can recover from SPHEREx (stellar) data 

What am I going to propose?
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Where do data-driven models not match the data? 

→ Apply (data-driven) methods developed within SDSS  
→ precision of inferred stellar properties (e.g. Teff, logg, [M/H])  
across (evolutionary state, SNR) 

→ Non-stellar features in the spectrum (dust, molecules in ISM) 
→ Peculiar chemical composition (dynamical interactions, planet ingestion) 

→ Build  a theoretical / empirical / semi-empirical SPHEREx stellar library
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SDSS-V

5 year program starting 2020 - both hemispheres

3 Science Programs 
1) Milky Way Mapper (stars) 
2) Black Hole Mapper 
3) Local Volume Mapper (galaxies)

2 Infrastructure Investments 
1) Fiber Positioning System 
2) Local Volume Mapper

Kollmeier et al., 2017 — http://adsabs.harvard.edu/abs/2017arXiv171103234K
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R=22,500 
1.5-1.7μm 

R=1800 
0.4-0.9μm 
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SDSS-V’s Milky Way Mapper
Target 5 million stars in the Milky Way with H < 11, G-H > 3.5
Spans a spatial area of ~ 3000 deg2



NGC 4565
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SDSS-V’s Milky Way Mapper

Spectra
R=22,500 -APOGEE
(R=1800 - BOSS)

Measure
Teff, logg,[Fe/H],
25 x [X/Fe] (0.05dex) 
mass (age) (< 40%)
distances (< 20%)

Target 5 million stars in the Milky Way with H < 11, G-H > 3.5
Spans a spatial area of ~ 3000 deg2
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Approach to infer stellar parameters and individual abundances for stars in large surveys

[The Cannon (Ness+2015), The Payne (Ting+ 2017), AstroNN (Leung+ 2019)]

• Relies on a subset of reference stars in survey - known labels (Teff, logg, [Fe/H]…)
• Labels - high resolution analyses, any λ
• Use reference objects to build a model — label full survey data

• Propagate labels - one survey to another 
• different surveys directly on the same scale, 
• good data to label worse data (high resolution labels to low resolution survey),
• discover information (derive mass (age) from C,N features in spectra)

• Precise (2-3 times higher precision than previous approaches) 
• Computationally fast
• Understand where/how information distributed



Data-Driven Modeling
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Approach to “betterize" spectra in large surveys — de-noise and in-paint missing regions

SSSpaNG! (Feeney, Wandelt, Ness 2020)
Spectra as data-driven non-Gaussian processes
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Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

Teff, logg, [Fe/H]  
[X/Fe]

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

Teff, logg, [Fe/H]  
[X/Fe]

spectral model

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

Teff, logg, [Fe/H]  
[X/Fe]

photon noise +
 fit of spectral model

spectral model

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

2. Relates l to stellar flux f, at each wavelength λ.

Teff, logg, [Fe/H]  
[X/Fe]

photon noise +
 fit of spectral model

spectral model

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

3. That model is then used to infer the stellar labels for the remaining stars in the survey Test

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

2. Relates l to stellar flux f, at each wavelength λ.

Teff, logg, [Fe/H]  
[X/Fe]

photon noise +
 fit of spectral model

spectral model

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



The Cannon (for label transfer)

!9

3. That model is then used to infer the stellar labels for the remaining stars in the survey Test

Adam 
Wheeler, 

Ness+ 20201. Uses n reference objects with known 
labels l to build a model Training

2. Relates l to stellar flux f, at each wavelength λ.

Teff, logg, [Fe/H]  
[X/Fe]

photon noise +
 fit of spectral model

spectral model

fnλ = g(ln|θλ) + noise

Determined [X/Fe] labels for LAMOST (R=1800) — using stars in common with GALAH (R=28,000) 

Labels from GALAH 
Spectra from LAMOST



fnλ = g(ln|θλ) + noise

!10

A simple polynomial model of the labels
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• What labels can we infer from SPHEREx spectra and to what precision 
• What does stellar SPHEREx data look like?

Data-Driven Modeling with SPHEREx
• Propagate labels between SPHEREx and Sloan V data
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Action item

→ Build  a theoretical / empirical / semi-empirical stellar SPHEREx library 
→ Characterise what information we can recover from SPHEREx (stellar) data  
→ precision of inferred (Teff, logg, [M/H]) across (evolutionary state, SNR)
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Action item

→ Build  a theoretical / empirical / semi-empirical stellar SPHEREx library 
→ Characterise what information we can recover from SPHEREx (stellar) data  
→ precision of inferred (Teff, logg, [M/H]) across (evolutionary state, SNR)

NGC 4565 Apply (data-driven) methods developed within SDSS to SPHEREx No
w
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Where do data-driven models not match the data? 

Future action item



NGC 4565

!15

Where do data-driven models not match the data? 

Future action item

→ Non-stellar features in the spectrum (dust, molecules in ISM) 
→ Peculiar chemical composition (dynamical interactions, planet ingestion) 
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The Cannon provides a remarkable match to the data

Wheeler, 
Ness+ 2020
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Where data-driven model fails (around labels not modeled) 

Failures: peculiar stars

2300 Lithium rich giants discovered in LAMOST (Casey+ 2019, Ho+ 2017)
looking where Li lines >> data-driven model (no Li modeled), 

signature of tidal spin up and in some cases planet consumption (Soares-Furtado+ 2020)
Wheeler in prep (unsupervised)

LAMOST - two Lithium features



NGC 4565

!19

What  I proposed today
No

w
La

te
r



NGC 4565

!19

Characterise what information we can recover from SPHEREx (stellar) data 

What  I proposed today
No

w
La

te
r



NGC 4565

!19

Characterise what information we can recover from SPHEREx (stellar) data 

What  I proposed today
No

w
La

te
r

→ Build  a stellar SPHEREx library 
→ Apply data-driven approach to determine labels (Teff, logg, [M/H]) 
→ precision f(evolutionary state, SNR)



NGC 4565

!19

Characterise what information we can recover from SPHEREx (stellar) data 

What  I proposed today
No

w
La

te
r

Where do data-driven models not match the data?

→ Build  a stellar SPHEREx library 
→ Apply data-driven approach to determine labels (Teff, logg, [M/H]) 
→ precision f(evolutionary state, SNR)



NGC 4565

!19

Characterise what information we can recover from SPHEREx (stellar) data 

What  I proposed today
No
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Where do data-driven models not match the data?

→ Build  a stellar SPHEREx library 
→ Apply data-driven approach to determine labels (Teff, logg, [M/H]) 
→ precision f(evolutionary state, SNR)

→ Non-stellar features in the spectrum 
 (dust, molecules in ISM) 

→ Peculiar spectra due to perturbations  
(external work, planet ingestion, mass exchange, extra-galactic)



Large coverage of the disk
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Large coverage of the disk

Spectrophotmetric distances with data-driven models (in dust obscured crowded disk) 
(Hogg+2019, Eilers+2019, Leung+2019)
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