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THE PHYSICS OF MEGAMASERS

MASER – Microwaves Amplified

by Stimulated Emission of Radiation

Megamasers – 106 times more luminous than typical galactic masers

Optical image of NGC4258

maser

maser

λ=1.4 cm
ν=22 GHz

Population inversion of a 
water molecule
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THE HOLY GRAILS OF ASTRONOMY

GBT spectrum at 22 GHz 
(Hernstein et al. 1999).

Megamasers in a disk-like configuration:

1. Measure direct distances to their host galaxies

Ø Constrain geometry of the universe

Ø Independent constraint to the age of the universe

Ø Better understand nature of dark energy

2. Measure the masses of the central supermassive
black hole
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THE NEED FOR MORE

To find more water megamaser 
disks, we must know how to 

search for them!

Ø~3% of all galaxies host maser emission

Ø~20% of galaxies that host megamaser emission in a disk-like configuration

ØPrevious searches: no systematic analysis of 
properties of galaxies with maser emission 
and those without
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OUR STUDY

Systematic search to identify galaxy traits connected to the megamaser disk phenomenon

ØHow?

(Hickox & Alexander 2018)

Ø Collect fluxes from public databases 

Ø Build Spectral Energy Distributions (SEDs)= 
total flux emitted across the electromagnetic 
spectrum

Ø Quantify the degree to which various energetic 
components contribute to the total galaxy light

Ø Find links to megamaser emission to design more 
efficient maser survey selection methods
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WIDE-FIELD INFRARED SURVEY EXPLORER

Ø WISE: all-sky survey with the best 
sensitivities in mid-IR wavelengths 
(W1=3.4μm, W2=4.6μm, W3=12μm, 
W4= 22μm)

Ø Cross-match positions of 46 H2O 
megamaser disks 
Ø Infrared Processing and Analysis Center (IPAC) 

table
Ø Input: count, galaxy name, right ascension, 

declination

Ø Search parameters
Ø Test a range of cone search radii to match the 

angular resolution of WISE filters
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RESULTS OF CROSS-MATCHING
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THE NATURE OF DUPLICATES

ØCone–search radius (r) = 15 arcseconds

Ø SQL query to select smallest 
separation to the input source

𝜃

𝑎𝑛𝑔𝑢𝑙𝑎𝑟	𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛
WISE telescope

r
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ØBoth WISE detections are included



THE MYSTERY OF NGC1068

Ø ∆𝑠 = 14.92 arcseconds

WISE Image Search: 𝑚𝑖𝑑 − 𝐼𝑅	𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛	𝑒𝑛𝑐𝑜𝑚𝑝𝑎𝑠𝑠𝑒𝑠	𝑡ℎ𝑒	∆𝑠

8

Ø Diameter= 170,000 light years

∆𝑠



SPECTRAL ENERGY DISTRIBUTIONS
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IN THE FUTURE…

ØCompare the optical and mid-IR images for NGC1068

ØWe will be adding the mid-IR data to the SEDs

ØProceed with SED fitting to quantify the contribution of AGN compared 
to stellar light and other energetic phenomena in these galaxies
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