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Challenges in Probing Galaxies’ Properties

Many Objects (Big Data)
* Many Parameters

Noisy Data

'7”‘*‘-

o R ey
Wt T A,

SDSS

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

1 mag (g band) effect!

N-Dimensional Model Grid Extinction in SDSS Disks from Inclination Effect
(Yip 2010) (Yip, Szalay, Wyse et al. 2010, 2011)



Probmg Galaxies’ Properties (Many Data)

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




INDEX DEFINITIONS

Name Index Bandpass Paseudocontinua Units Measures Error! Motes

01 CN, 4143.375-4178.375  4081.375-4118.875 mag ON, Fel 0.021
4245 3756-4285 375

02 CNg 4143.375-4178.375  4085.125-4097.625 mag OCN, Fel 0.023 2
4245.375-4285.375

03 Cad227  4223.500-4236.000 4212.250-4221.000 A Cal, Fel, Fell 0.27 2
4242.250-4252 250

04  G4300 4282 625-4317.625  4267.625-4283.875 A CH, Fel 0.39
4320.125-4336.375

05 TFeddBl 4370.375-4421.625 4360.375-4371.625 A Fel, Till 053 2
4444.125-4456 625

06 Cad455  4453.375-4475.875 4447.1254455875 A  Cal,Fel, Nil, 025 2
4478, 375-4493 375 Till, Mn I, V1

07  Fedb3l 4515.500-4560.500 4505.500-4515.500 A Fel, Th I, 042 2
4561.750-4580.500 Fe II, Ti Il

08  Fedf68 4635.250-4721.500 4612.750-4631.500 A Fel, Til, Crl, 064 2
4744.000-4757.750 Mgl Nil, G

09 HF 4847 875-4876.625 4827.875-4847875 A HE, Fe I 022 3
4876.625-4891.625

10  FeS015  4977.750-5054.000 4046.500-4977.750 A  Fel Nil, Til 046 2.3
054.000-5065,.250

11 Mg, 5069.125-5134.125 4895.125-49567.620 wmag MgH, Fel Nil 0.007 3
5301.125-5366.125

12 Mg 5154.125-5196.625 4805.125-4057.625 wmag MgH, Mgh, 0.008 3
5301.125-5366.125 Fel

13 Mgh 5160.125-5192.625 5142.625-5161.375 A Mg & 0.23 3
5191.375-5206.375

14  Feb2T0 5245.650-5285.650 5233.150-5248.150 A Fel Cal 028 3
5285.650-5318.150

15 Feb3is 5312.125-5352.125 5304.625-5315.875 A Fel 026 3
5353.375-5363.375

16  Fe5406 5387.500-5415.000 5376.250-5387.500 A Fel, Crl 020 23
5415.000-5425.000

17 Fed709 5608.375-5722.125 5674.625-5608.375 A Fel Nil, Mgl 018 2
HT24.626-5738.375 Crl, VI

18  Fe5782  5778.375-5708.375 5767.125-5777.125 A Fel, Crl 0.20 2
HT99.6256-5813.375 Cul Mgl

19 NaD 5ETH.625-5911.125 5862.37T5-5877.375 A Na l 0.24
50923.875-5949.8T5

20 TiOy HO38.375-5995.8T5 5B1B.3T5-5A50.8T5 mag THO 0.007
6040.375-6105.375

21 TiOg 6191.375-62T3.876 6068.1T5-6143.375 mag TIiO 0.006

6374.375-6416.875

Lick Indices

(Worthey et al. 94
Trager et al. 98)
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Some Wavelengths are More Informative:
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Galaxy ID
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CUR Matrix Decomposition (Mahoney & Drineas
2009): Best Rank-k Approximation of Data Matrix
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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 A with 9 A resolution
— SDSS: 3450-8350 A with 3 A resolution



Fe57/82
Fe5/709
Cad227

Fed355 . .
Fe5406 Recover Most Informative Lick

Fe5270 Indices to be:
D(4000), HB, H6

Hj/F
Fe4383
Fedbh 31

Ti0
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C,1668 = (Yip, Mahoney, Szalay et al.
Hs B 2013 AJ Submitted)
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Objective 3A Absorption Indices

(Yip et al. 2013 AJ submitted)

Table 3: Informative wavelength regions, for wavelength range 3450-8350 A at 3 A spectral resolution.
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Region As A1 AE Ae—As M —As @ Y. p Lick Overlaps L = & 5
Region01 34508  3034.5 41256 T4.8 483.8 no 0403  HiaHép:; D, (4000)L:D, (4000)R;  AGE  -0.390 METAL -0.079
RegionO8  4378.0 44727  4574.7 196.8 94.7 no  0.063 Fed383;Cad455;Fedb3l; ACE 0397 METAL -0.137
Region03  4773.7  4861.3 48995 125.8 87.6 no  0.056 H3; AGE  -0.393 METAL -0.171
RegionO4 42382 43409 4377.0 138.8 102.7 no  0.049 GA300;Fed383: Hya ;Hp; AGE -0.39% METAL -0.177
Regionl4d 4135.1 4144.6 42372 102.1 9.5 no 0.028 CNy;CNo;Cad227, AGE -0.39% METAL -0.220
Regionl2 45948 4651.2  4656.5 61.7 56.4 no  0.015 Cadb6g; AGE  -0.395 METAL -0.255
Region02 65494  6564.5 6576.6 27.2 15.1 no 0.012 T AGE -0.371 METAL 0.253
Region(9 8219.7 8220.2 82505 30.8 9.5 no  0.009 .- ACGE -0.370 METAL D,QQI]E
Regionl0 7166.1 7187.6 71975 314 21.5 no  0.008 . AGE -0.375 METAL  0.305
Region0f  5165.9 5168.2 5179.0 13.1 2.4 no  0.006 Mg Mgy, ACGE -0.388 METAL  0.157
Regionll 5887.3 58928 59023 14.9 5.4 no  0.006 Nal); AGE -0.374 METAL  0.093
Regionl19 49142 49244 49369 22.7 10.2 no  0.006 T AGE -0.393 METAL -0.388
Regionl8 81594 8178.2 £182.0 22.6 18.8 no  0.005 - AGE -0.373 METAL  0.301
Regionl? 4681.3 4686.6 46942 12.9 5.4 no  0.004 Cadb6g; AGE  -0.393 AGE 0.035
Region(7  4712.6 47148 4720.2 7.6 2.2 no  0.003 Cad668; ACGE -0.393 METAL 0.428
Region20 51802 51837 51807 95 36  no 0.003 Mgy: Mgy AGE -0387 METAL 0.164
Regionl3d 52245 5226.9 5231.7 7.2 2.4 no  0.003 T AGE -0.387 METAL 0.121
Region05  8090.2  8092.1 £2097.7 7.5 1.9 no  0.003 - AGE -0.364 METAL -0.121
Regionlé 72741 72774 7279.1 5.0 3.3 no  0.002 - AGE -0.375 METAL  0.335
Regionls  5053.0 5054.1  5056.5 3.5 1.2 no  0.002 Fehl15; ACGE -0.391 METAL -0.143

See footnote in Table 2. The extra horizontal line divides regions with LeverageScoreSum less than and larger than 0.03.
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Stellar Age Sensitivity of Wavelength Regions
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Stellar Metallicity Sensitivity of Wavelength Regions
(Seeing Age-Metallicity Degeneracy!)

- v dge = 1.00 to 1.20
17.00F < R -
age = 10.00 to 11.00
<O S O
<O (O
©
N
> 0.10F T
<o &0
0.01F 4
o ] ] ]

—2.36x1077 —1.62x107° —=8.76x107" —1.32x107*% 6.12x10
a’



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 ylrs CPU time

2 weeks!




Galaxy Parameters from Prime Focus Spectrograph

25,000 model spectra
simulation

Realistic star
formation history

5 model parameters
18 derived parameters
Focus on Dn(4000)

(PFS) Spectra
Model Spectra
Original __ _ _ * Absorption only
Parameters * Bruzual & Charlot 03
« N =25,000 (Yanmei Chen)
G. Grave’s Simulator
Recovered

Parameters -ﬁ PCA Reconstructed Spectra

(Yip & Heckman, et al.)



Noisy Astronomy Data

LAMOST DR SD5S DRO
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