HONORS 1C1 Emily McPike
COLILEGE A More Efficient Search for the

James Madison University

JAMES MADISON UNIVERSITY. H O Iy G rai I Of ASt rO n O my Department of Physics & Astronomy

Introduction Searching with Mid-Infrared Variability Data Sifting

Mlcrowave. Amplification by Stlmu_lated Emission of Radiation (maser) from Wat_er * 3 main lonization processes Coul_d account fo_r m_a_smg actl_VIty SDSS Querying I\/Iulti-epoch Crossmatch

molecules in galaxy centers are an important tool for measurements of supermassive * Only AGN capable of short time span variability in Mid-IR

black holes and distance measurements to far away objects and therefore are crucial for « Variability in total power output of galaxy centers (e.g. Ulrich et al. 1997, « Learn SQL * Find counterparts of MCP data In

furthering our understanding of how the universe formed and evolves. Sadly, this Kozlowski et al. 2016), can be associated with instabilities in the accretion * Removing duplicates WISE catalogs (NASA/IPAC)

phenomenon is notably rare, hastening the need to find more. To be more efficient, disk or surface temperature fluctuations. e e e * Re-cross-match with Multi-epoch

future searches for water masers require a closer look at the conditions in which these « Variability selection can reveal accreting SMBHSs as power sources (e.g., S5 5575315 29,0739 24 oooce1a1s  1isei 14,3272 Mg Photometry catalog

emissions originate. Currently, there is evidence proposing a link between the maser Trump et al. 2015). 64698 176531 28 1.70617 862853 * Multiple observations over time

pumping mechanism and the area around supermassive black holes in galactic centers, « Mid-IR variability selection of galaxies can reveal changes towards redder 2795625 7318051 3 2AS000s2011: 208542 40,6325 B scales of hours to years

known as active galactic nuclei (AGN). Thus, we investigate a way of identifying AGNs (higher) W1-W?2 colors, I.e., moving them in the AGN wedge of the WISE

in maser hosts via mid-infrared variability. Mid-IR flux fluctuations are less sensitive to Color-_color dla_gra_mS (e.9., S_tern et al. 2005). S o ReSU ItS

obscuration, but still reveal variations around the AGN. With this in mind, we use * Mid-IR variability selection allows for new identification of AGN activity _ S

measurements from the Megamaser Cosmological Project (MCP), which offers a ‘where other wavelength selection can miss them. N Is there Mid-IR variability? Yes!

complete list of galaxies surveyed for water maser emissions, as well as multi-epoch * Mid-IR variability studies have unique advantages as they are less sensitive to

mld_IR data from Wlde_fleld Infrared Survey Explorer (WISE), and oresent prellmlnary dUSt ObSCurathn, WhICh COnStltUteS a Iarge fraCthn Of the nearby IOW' W1 and W2 (Mag] vs 'I.’l.me (M]D - 550‘]D]IDH1DG?U?+45D335 W1 and W2 (Mag) vs Time fT:]‘D- 55000) for ]1103-0052

results of our analysis of variability in maser and non-maser host galaxies. luminosity AGN population in general and is also believed to be strongly STt Al kel TP B O N S L e Rl o

associated with the maser activity. 10 { 10 b { .y e

* ldentifying variability could further connection between masers and AGN ;1 P WL - ..-{-{.__{,f-*f' b {--'H Yty .

Physics of Megamasers _  [gea@E) | : s A I o = il

Microwave Amplification by Stimulated Emission of Radiation T B I 5 A s SO | }} 1 HF‘

P S F . 3 . _iu-?.z 074 mis Laaé.n 5680 569.5 5?6.0-_2 M95 3500 3505 110 5395 5400 5405 5410

. ~ry E het.4cm | e . - ( i . — e | Time (MJD - 55000) Time (MJD - 55000)

S“,];L:,li::]g w:\'“’v,\); Sf."':elmt"‘d - ~ - = .......... E.ULIBés/.LINEERs ....... ........ : = | ULIRGS/LINER s - Examples of variability in individual bands (W1, W2 ) and the W1 — W2 color. Left shows J100707+450335,
Population inversion of a oo cl:ul;:oen ' | y f I ? ; 5 EObsc‘fred A‘?N 5 ] : Obscured AGN a galaxy without maser emission extremely variable in the Mid-IR. Right shows a less variable maser host.
water molecule pida. — R e L

! os/ i W .- :
T o o Through preliminary analysis, we found that:

- o LNERs . .. .

- ey W o Statistical comparison in the distribution of the change in the color of
- :Ellipticals ~" : ; : s ] .
0 _ .......... .......... .......... LIRGS ......... ........ _ | " - maser and nonmaser hOSt gaIaXIeS

& i Y . . s I TS e R * A(W2-W3) greater for galaxies without maser emission

L SR C [4.6) = [12]) in meg [4.6] - [12] (Mag) « A(W1-W2) shows similar trend, although less statistically significant
,) Proposed WISE AGN selection techniques: Indicating that maser host galaxies may be more “stable” in their color.
Why are Megamasers Important 1. W1-W2 > 0.8 (blue) (Stern et al. (2012))
i i Systemic 2 Wl_WZ > 05 (green) — MOrE relaxed AGN Crite_riOI:] (AShby Et al' (2009)) Maser VS NonMaser Distribution of A (W1 - W2) | IMHEEF VS NonMaser Distribution of A (W2 - W3)

Megamasers — Cosmic masers with B T 3. Jarretetal. (2011) — least contamination of S T — il T ] —

luminosity lines ~10° times more Blueshifted _ sealelles =1 i Wil I .

luminous than typical galactic sources " e Ll

= Data Y 1A )
VLBI data cleanly fit by a Keplerian ;  tiowm _ _ ;| S1s] | ool - <2 | I
disk, v(r) o< r-1/2 allows: " y Megamaser Cosmology Wide-field Infrared *= 10 / 1l
4 e § e e - _ | i . !
| | Project <-MCr Survey Explorer (WISE) o) / )l /
Bt _é h 0 1 2 | 3 4 : 0 1 2 | 3 4 :

|. Accurate measures of masses of = . Largest catalog of galaxies surveyed = A mid-infrared survey of the entire A w1 w2) p w2 -w3)

su_permasswe b_Iaclf holes 52 3 | ' for H20 maser emission in 22 GHz sky with bands centered at Comparison of the distribution of change in different bands (W1 — W2, W2 - W3)

I1. Direct geometric distance g c e w | (>5000 galaxies: Braatz et al. 2018) wavelengths of 3.4 um, 4.6 um, 12 reveals reveal AGN activity not detected by conventional methods

measurements to extragalactic | Sﬂus J‘umas) ﬂ LM ) +  ~3% of galaxies surveyed for masers um, 22 pm

SOUrces s e e host the emission - | Acknowledgements

) Line-of-sight velocity (km s~ . 1.0¢ S L B PO R B R b R
* ~80% of maser galaxies show s | Wi W2 W4 1 ]

. ConStrams'Hﬁ (H_ubble)_constant GBT spectrum at 22 GHz reveals three megamaser Ium?nosities 205 " B This work has been supported by JMU’s Physics and Astronomy Department and
(rate at WRICH URIVETSE 15 o e vl 1999 . ~20% of host galaxies are found in a gosf || \q x the National Science Foundation award NSF:AST #1814594. This research has
expanding) disk-like configuration so¢F Nl | E & made use of the NASA/IPAC Extragalactic Database (NED), which is operated by

[11. Better understand dark energy foob | 1 ) | W/\ f:\\ the Jet Propulsion Laboratory, California Institute of Technology, under contract

ool Ll il lid with the National Aeronautics and Space Administration.




