A Multi-Parameter Statistical
Analysis of the Connection
Between H,0 Maser Emission
and Nuclear Galactic Activity

—or—
How to Hunt Masers with
Statistics

Emil Christensen

Department of Physics and Astronomy
James Madison University

This work benefitted from collaboration with James Corcoran, Nathan DiDomenico,
Robert Roten, Emily Dick and members of the Mega-Maser Cosmology Project R ™ ™., )
(MCP) and from the generous advice and support of Dr. Anca Constantin

Article published on www.jmu.edu/stories (March 2013)



Motivation

> 3500 objects surveyed
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Optical Spectral Data

Palomar Observatory Apache Point, NM (SDSS)

Source Control Masers Mega-masers Disks

SDSS 1181 46 34 7
Palomar 183 26 11 4
Palomar & SDSS2 25 7 2 1

Other? 0 27 22 5
Total 1339 92 65 15

2 Galaxies with both Palomar and SDSS spectra; in these cases, we adopt the Palomar spectra and
measurements.

> Bennert et al. (2004); Dahari & De Robertis (1988); Kim et al. (1995); Whittle (1992); Neugebauer et al.
(1976); Adams & Weedman (1975); Phillips et al. (1983); Osterbrock & De Robertis (1985); Goodrich &
Osterbrock (1983); De Robertis & Osterbrock (1986); Moustakas & Kennicutt (2006); Buttiglione et al.
(2009)




So what are we looking at again?
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Line Diagnhostic Diagram
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Correlation Analysis
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certain “goldilocks regions.”




Ok, they're different. So what?
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More than double the detection rate for a simple 2 parameter constraint!



N-parameters Part |[:
Principal Component Analysis

Lo N[5 * A transformation of the
R R variables into new linearly
A uncorrelated variables
called principal components
43 ” | (PCs).

N-dmensional space

SR e ) e Each PC attempts to
account for as much of the
© variance as possible

' \ * Reduces dimensionality and
LN information redundancy

low redundancy high redundancy

http://www.cs.cmu.edu/~elaw/papers/pca.pdf



PCA Results

EIGENVECTORS FOR COMBINED MASERS AND CONTROL

Variable EV-1 EV-2 EV-3 EV-4 EV-5
31.6% 47.2% 59.0% 69.4% 7T8.2%

Z 0.218 -0.448 -0.164 -0.404 -0.320

a* 0.27 0.182 0.254 -0.008 0.062
Ha/HB 0.002 0.111 0.664 -0.238 -0.625
AA6T16/6731  -0.090 0.146 -0.357 -0.792 0.043
Log L |OI11] 0275 -0.620 0.025 0.021 -0.012
Log [OIIl]/HA 0.389 -0.337 -0.001 0.147 0.044
Log [NII]/Ha 0.450 0.282 0.057 -0.022 -0.083
Log [SII|/He 0.442 0309 -0.178 -0.037 0.034
Log |OI|/Hae 0.489 0.217 -0.119 0.013 0.036
L. H20 0.070 -0.113 0.540 -0.358 0.700

PC-1 —> Correlation of the four line
ratios confirming the Line Diagnostic

Diagram.

PC-2 —> Correlation of redshift and

[O11] luminosity (distant objects are

more intrinsically luminous)
PC-3 —> Correlation of Ha/HPB

(reddening due to dust) and H,0O
luminosity (maser strength)
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EV’s provide good separation
between masers and non-masers
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N-parameters Part lI:
Discriminant Analysis

. * Finds a linear
A 5 combination of
variables that optimizes
the separation of two or
more groups

 We desire to construct
a Discriminant function
b which can then be
source: Gooley & Lohnes (1971) 1 applied to new data

A
N\ X
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Thank You!

Questions?



Why We Care About Mega-Masers

The ONLY direct distance The MOST accurate measurement of
measurements black hole mass

Five Steps in the Distance Ladder
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Attempt to fill the gaps

Co-Investigator on optical spectroscopy proposals for 75 masers

ESO New Technology Telescope (NTT) Southern Astrophysical Research (SOAR) Telescope
La Silla, Chile Cerro Pachdn, Chile
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