
Probing Galaxy Properties through 
Next Generation Data Mining 

Ching-Wa Yip 

JHU 
(Michael Mahoney @ Stanford) 



Challenges in Probing Galaxies’ Properties 

• Many Objects (Big Data) 

• Many Parameters 

• Noisy Data 

 

 

 

SDSS & BOSS (z = 0 – 0.7, 2.5M galaxies) 
LAMOST (z = 0 – 0.2, 10M galaxies) 
Prime Focus Spectrograph (z = 1 – 2, 200K galaxies) 



Probing Galaxies’ Properties (Many Parameters) 

• Model Fitting of Spectra (SDSS/JHU Catalog: Kauffmann, 
Heckman, Tremonti, Chen, et al.) 

• Empirical Relations 

N-Dimensional Model Grid  
(Yip 2010) 

Extinction in SDSS Disks from Inclination Effect 
(Yip, Szalay, Wyse et al. 2010, 2011) 

1 mag (g band) effect! 



 
Galaxy Parameter Estimation:  

Stellar Age 
Stellar Metallicity 
Star Formation Rate 
Dust Extinction 
etc. 
 
 

Brute force Bayesian approach: 
N = 1 Million Galaxy Spectra 
M = 4,000  Pixels 
P = 4  Parameters 
T = 20 years CPU time 

 

Probing Galaxies’ Properties (Many Data) 



 
(Worthey et al. 94;  
Trager et al. 98) 

Lick Indices 
 



Some Wavelengths are More Informative:  
Leverage Score 

Flux(λ1) 

Flux(λ2) 

Flux(λ3) 

Flux(λ4) 

Flux(λ5) 

Flux(λ6) 

Sample Variance Sparsity 



CUR Matrix Decomposition (Mahoney & Drineas 
2009): Best Rank-k Approximation of Data Matrix 
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CUR approximates data matrix A: 
             min || A – CUR ||F 
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Identifying Objective Wavelength Regions using CUR 
Matrix Decomposition 

• Simple Stellar Populations (SSP) defined by stellar age (0 – 20 
Gyr) and stellar metallicity (Z = 0.0001, 0.0004, 0.004, 0.008, 
0.02, 0.05) 

– Bruzual and Charlot 2003 

– Absorption Lines Only, No Emission Lines 

 

• 2 configurations 

– Lick: 3800-6400 Å with 9 Å resolution 

– SDSS: 3450-8350 Å with 3 Å resolution 

 

 

 

 



Recover Most Informative Lick 
Indices to be: 

D(4000), Hβ, Hδ 
 

(Yip, Mahoney, Szalay et al.  
2013 AJ Submitted) 



9Å Resolution 

Most Informative 
Regions: 
D(4000), Hβ, Hδ 
 



3Å Resolution 

Most Important Regions:  

• D(4000), Hδ 

• Fe indices  

• Hβ 

• G band 



Objective 3Å Absorption Indices  

 
(Yip et al. 2013 AJ submitted) 



PCA Eigenspectra of  
1st Informative Region 

Larger a1 implies: 
Younger stellar populations 

Larger a2 implies:  
Younger, More Metal Rich 

OR 
Older, Less Metal Rich 



Stellar Age Sensitivity of Wavelength Regions 



Stellar Metallicity Sensitivity of Wavelength Regions 
(Seeing Age-Metallicity Degeneracy!) 



 
Galaxy Parameter Estimation:  

Stellar Age 
Stellar Metallicity 
Star Formation Rate 
Dust Extinction 
etc. 
 
 

Brute force Bayesian approach: 
N = 1 Million Galaxy Spectra 
M = 4,000  Pixels 
P = 4  Parameters 
T = 20 years CPU time 

 

2 weeks! 



• 25,000 model spectra 
simulation 

• Realistic star 
formation history 

• 5 model parameters 

• 18 derived parameters 

• Focus on Dn(4000) 

Model Spectra 
• Absorption only 
• Bruzual & Charlot 03 
• N = 25,000 (Yanmei Chen) 

Noisy Spectra 
• Random Gaussian 
• No skylines yet 

PCA Reconstructed Spectra 

(Yip & Heckman, et al.) 

Original 
Parameters 

Recovered 
Parameters 

 
 G. Grave’s Simulator 
 

Galaxy Parameters from Prime Focus Spectrograph 
(PFS) Spectra 



Noisy Astronomy Data 

PFS [OII] S/N? 
(Ellis et al. 2012) 


