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Physical Parameter Estimation:
Stellar Age
Stellar Metallicity
Star Formation Rate
Dust Extinction
etc.

Brute force Bayesian approach:

N =1 Million galaxies
M = 4,000 pixels
P=4 parameters

T =20 years CPU time
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Galaxy Parameters Extraction
from Simulated PFS Spectra

25’000 model Model Spectra
Original __ _ _ * Absorption only
SPECt ra Parameters * Bruzual & Charlot 03
. .. « N =25,000 (Yanmei Chen)
Realistic star
formation history l
FOCUS On Dn4000 Noisy Spectra

e Random Gaussian
* No skylines yet

!

—— ﬁ PCA Reconstructed Spectra

Recovered
Parameters

(Yip & Heckman, et al.)



Galaxy Parameters Extraction
from Simulated PFS Spectra

25’000 model Model Spectra
Original __ _ _ * Absorption only
S DECt ra Parameters * Bruzual & Charlot 03
. .. « N =25,000 (Yanmei Chen)
Realistic star

formation history l
Focus on Dn4000

G. Grave’s Simulator

!

—— ﬁ PCA Reconstructed Spectra

Recovered
Parameters

(Yip & Heckman, et al.)



25K Model Spectra 91-16,000 A

Yanmei Chen, Tim Heckman, et al. (2012).

Bruzual & Charlot 2003 Model.

Kroupa IMF.

Continuous & Exponentially Decreasing Star Formation + Stochastic Bursts.

e 5 Model Parameters

T
Age_Galaxy
Z/Z_Sun
TV

1)

e 18 Derived Parameters

Mass-Weighted Age

r-band Weighted Age

D4000

HOA

Fraction of stars formed at X years (x 5)

Fraction of stars (in bursty mode only) at X years (x5),
Total mass (stars + gas) of galaxy

Stellar mass of galaxy

Total mass of galaxy (different method)

SFR truncation flag



Model Spectra Management &

Spectral Analysis Tools

[E~
set tagised - mymodel_T
set fileised = fdirout/ftagisedy. ised

### save parameters to file (overwmte) .
A e Script (csh) to generate BCO3
echo §flagdust »> $fileparm

if { $flagdust = ) _then
echo ftau_nu s> $fileparm

it * Save each spectrum to FITS

echo $sfr s» $fileparm
echo $fileised »» $fileparm

i truct model M
o THE R ey sty e Save associated model parameters to FITS hdr
echo "done. gal spec output to $Fileised”

### save galaxevpl parameters . . .
set fileparmz = $fileisedy. spec.par [ ]

echa $fileised » $fileparmz

echo "0.0,2000000.0" 3> $fileparmz

echo fage »» $fileparmz
echo $fileisedy.spec »» $Fileparmz

. * Convolution, red/blue shifting, resampling, etc.

### delete hdr from spec file
set filespec = ftagisedy.spec
sed '1,7d" < $fileisedv.spec » $filespec

##2 loop through E(B-V) [ ] P‘ A
set e bwindex = 1

while [ $e_bwindex <= f#e bw )
set E_BW - §e_bw[fe_bvindex]

R * Objective line indices identification

" oompile count_rows.pra’ s beQ3tofits_batch
.compile fetchocolfilein.pro® » boo3tofits_batch
-compile mkhdr.pro' = boO3tofits_batch . . . .
compile sxaddpar.pro” »» bcO3tofits_batch o
R P -D interpolation arameter estimation
beodtofits.pra” s» be3tofits_hatch
set spEEﬁTE = % ifilespech’
set fitsout = %'$dirbut/spectid.fitsh'

seT pam - \DVEEE BV BETAL B\ ATAUN O\ TSER CUTV AELAGDUSTY (VTR U Y VR BB VR S g] C t S DSS & t h S L d t b S |
=t pamval = [Tage” Szt Pra st fur' Skeydust, iz R g T B 6
RN I SR GRE S T = G il U A G0 1 g 1 [ 10 other dtabases (>zalay

= i .. Tdi in RMY
”\” \””toteﬂ eff opt depth \" WM Frac of tau_nu Fram ambient™" \""Reddemng”\” \””bur‘it Flux fraction""4]
##¥ set histary line
et ageindexfix = 1
### do not scale flux by fracB, do this inside the code
echo "bGitofits, yspecfile, $fitsout, $ageindexfix, $parm, $parmval, Scomment, E_BW=$E_BY, 499" »» boO3tofits_batch
echo "exit" »» bcO3tofits_batch

### exec 1d] to make fit
seterny IDL_STARTUP h(03t0f1t5 batch

idl
unsetems IDL_STARTUP
@ id = $id + 1

@ e_bvindex = $e_bvindex + 1
end

### delete result files

foreach fileresult ($tagised*color $tagised®ABmag $tagised®sindx* *ised ftagised®spec)
rm —f $fileresult

end

@ epsilonindex = fepsilonindex + 1

en

@ muindex = $muindex + 1

end

@ taunuindex = $taunuindex + 1

en
@ Eaumdax = Ftavindex + 1 . )

en
@ ageindex = $ageindex + 1 I
end

@ Zindex = $Zindex + 1
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Model Parameter Space
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Derived Parameter Space
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fractional residual in flux density
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PCA Eigenspectra Representation of
Galaxy Spectra

f, = 2. aie;,

Minimize reconstruction error with respect to a;’s:

X% = wax (fx — Zi aieik)z

Get:

(Connolly & Szalay 99)
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20-Mode PCA Reconstruction
S/N per A =10

Black: Orignal
Blue: Reconstruction Residual: 2%
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Parameter Recovery Dependence on
Pixel S/N

D4000 (out)
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RMS(Dn4000) vs. S/N per A

RMS D4000
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RMS is Variance Dominated
(so we have unbiased estimator)
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Large Scale Galaxy Parameter

Estimation
* Many parameters
* Many objects
N-Dimensional Model Grid (Yip 2010) Informative Wavelength Regions using CUR

(Yip, Mahoney, Szalay et al. 2013 submitted)




Why N-Dimensional Parameters

Galaxy formation is complicated: merging, star formation
hisotry, gas infall and outflow

We don’t know how many parameters we need
Would N-1 to N parameters give new solutions?
Evidence we need many parameters

— Stochastic bursts model: exponentially decreasing SFH +
bursts during lifetime of galaxies (Kauffmann et al. 2003)

— 10% Offset between Bruzual & Charlot model and 1
Million SDSS spectra (Yip & Dobos)



