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Abstract: Current cosmological models for the fate of the universe and its geometry lack constraints that can be found with observations of powerful laser-like microwave emission (maser) from galaxy centers. These so called
megamasers are however very rare, with detections in only about 3% of all surveyed galaxies. \We explore here ways of efficiently detecting megamasers via a possible connection between this type of emission and accreting
matter on supermassive black holes at galaxy centers, known as Active Galactic Nuclei (AGNs). An important feature of AGNs is light variability, which can now be exploited with multi-epoch observations in mid-infrared from the
Wide-field Infrared Survey Explorer (WISE). We present here results from our calculations and parameterization of the Structure Function for galaxies with and without maser emission, as a tool to identify and compare the most
prominent variability features, and therefore AGN emission, associated with maser activity.

. . . . . . Messier 106 (NGC 4258) Redshifted Maser Emitting Clouds Blueshifted Maser Emitting Clouds
The Megamaser Cosmology Project Why Mid IR? - infrared emission is less Model of AGN — Powerful = ——
provides the largest catalog of sensitive to obscuration -- revealing emission from accreting N : l Results: Averages of v SF?Z for samples of
galaxies surveyed for maser optically elusive AGN (e.g., Padovani et matter on supermassive e T ) ‘G . maser and non-maser agalaxies
emission in 22 GHz. al. 2017). black holes; note the origin of - f— SN ngfm;fztg thkéeét | 9
= g TWPIJeN / : S \ Y [ / Y
S?ns{;\i/\{iéyEFFqlr:ction Stor Formi ha reprocessed IR radlathn frOm e 4 /// m \\\ fgalaxy \\ l/f \\ 0.07
Galixy ° 't.lle Circumr]UCIear dUSty tO['US ‘,! \\\ Sg ‘, \\\ SS / \‘ NONMAasers ) Slope (B) Averaged Slopes Slope of Average SF
R gpr p T P2ARR0RRRRARRRRRRRES 3 o] Masers 0.35+0.32 0.24+0.03
crossmateh T 2 ' ? Herrnstein et al. 1999 J |
F 3 E ] N . Megamasers 0.39+0.30 0.28+0.06
NASA, ESA, the Hubble Heritage Team (STScI/AURA) ahd R. Gendler ~ __ 3 [ '» 5 E 1 b
(for the Hubble Heritage Team); Ackn ENI dg/m tjG _3 : 5 10002 \ _ E{o_os— Maser Disks 0.36+0.32 0.31+0.10
v I_[I)?,\-Ng{[\/en iﬁig,lﬁgswisé{s g 2 % of \& ,\ m j Nonmasers 0.31+0.30 0.21+0.01
= | - ?, % | Averaged slopes for each SF
B d. pendent, geomgtrlc P T S T IJ | S e (histograms) are larger than the
= IStanceS to galaXIeS \10 Fmpact pargmeter (mas) A 1 &J : 30 1100 1900 2700 3500 Slope of average SF (plOtS)
" ~ { O => Constraints on the : | |
— 5 201 | : RS Toh "% Hubble constant H, T \}O“*BJ*L‘”{SLO 'ZM“Sf e %‘“55“:’3;,5 —a50 Masers t =%
The Wide-field Infrared Survey | N 1500 3‘0\ /’ 450 ;%
g R s\ Line-of-sight velocity (km s™) . i ,
E.xplorer (VV|SE)_ surveyeq the =N | | | ' LN N » The most accurate masses Get velocity (v),/ and ‘ — - } N 11 .
Blg h(’; Sk\yvl;ozgmdrultlpl)e )\ﬁ;r{z Ig four R R U Ef Isupermassive black | oatortan rotation aurve ' vI — _ o ) ) i )
dnads. . “m ’ . IJm, _ — flux(3.4llm) N v oles l b §D.Uﬁ- { | EZDD‘ /]
W4 (22 pm) (erght Wi [34“m] W2[46“m] =25 lOglo flux(4.6um) 56°./ 5‘/ | e rv? i / Fa
' ' 'S % 5205 = elocity over time |- — v’ — v’ ' - ¢ o o B
Eieasltﬁe()w?] aon(ljrv\?tzuggnzgmanly Redder (W1 -W2 2 05) = AGN behavior §; f// — \gi\llest)éentriptetal Ge = e Cl_c T ST From rotational //%
. | | Clumpy Gas and Dust Torus é 4802‘ % _ acceleration (a,) Solve TOI’ inear D 6 | Vbellaoccl::t?]/,oTé)lr\:]eal(;r : 300 1100 1900 2700 3500 0 ——r .. .. .. .. 70
National Radio Astronomy Observatory 3 ////H ] radius (r) Calculate geometric Megamasers { o
aol 1 W * distance 400 - o
Mid-IR Color-Color Diagram Allows for AGN Identification - S .
J 0.071
m m " e g
oo | Megamaser disks allow direct calculations of (and thus % aor ’
I All Masers Megamasers Disk Masers quantify the universe’s fate) and of masses of supermassive black holes. + !
W1-W2=0.8 26% 29% 26% . . . . . —
e » " = We need to understand how maser emission is connected with other galactic oo L R
- = V. % % % 0 . . . . . 0
propert/es In particular, the AGN activity: | Maser pisks H T
» Maser classification ! o
does not show a Mid-IR observations provide information behind the veil of dust. i
strong correlation * Mid-IR data available for wide sky surveys (WISE)! 3 { } o= 7l
with mid-IR AGN ” —_ : ;
behavior defined b . C . . . . . /I
od WI-W2 > 0 5 g * We calculate, quantify, and compare variability (i.e., AGN activity) in mid-IR, for 7l |
colors. maser and non-maser gaIaX|es T om0 w 2 |
Is mid-IR variability A more robust SF E .' s
 oosonciom oon Eazio on oo more successful? parametrization is needed Slope - 8
Examples of SF Calculation for various Bin Sizes to better quantly variability
| NGC 2273: Variable Maser GaIaxy o 10Dayt:ins J0027+4544: Non-variable Maser Galaxy N :]-;T(ej'elggr?éset:tbg::%?ﬁ Sairzees
: Il 300 B 30 " "
y ; g B e Future Directions
/ In order to quantify variabilit z ] ” 2 |7 Neewrs gzk - e
) q y Y, H}% ; h : H . ﬁﬁéﬁ;éfﬁiﬁ% . Include magnitude uncertainties in SF
05 | I Q ‘ o ok o I | © PLAS S T .
T, | | which revgals £ H ﬂ Eﬂé M g @5 L S LARRG L L ; calculations
average magnltUde dlfferenCe over a tlme 5 ﬁ?éﬁ iE @ V ) HQE @ % H@H Expand SF Calculatlons to |nclude VV2
lag (Son et al. 2023) T | LA S i magnitude and W1-W2 color
(e VDT ooRse e Time: D~ 6072 Daye . Joo27+asas Experiment with broken power laws for
£ Ny pair 0 oo " = -
; par K o | e fitting SF
2 _ 1 E _ 2 KT et = . . . . .
% { [ SF (&I) " Nao o (m(t) — m(t + A1) ) . BT g, . e ' = EM& Explore calculations of SF in luminosity bins
a0 Anpar i = | Son etal. 2023 5 A S . - i HHH@ i | in an attempt to identify other possible
e N | I | At (Days) parameters that influence the maser-
” ‘ lSIOOMJD—SGT (2060) 2560 00 00 4x1071 i: | ..;".1‘0&(1.17 o ;g"[);:f;?‘s " 1 "
= P P » m(t) and m(t + At) are the observed . SEEEE——_ T"&Vsetgzt;gd;ff variability connection
xample of light-curve revealing how : IR BT : : = _
flux ian1 ba%dpass changes gcross magnitudes within the (1, J) time pair. Square root after j’ " [ SF is underestimated for .
ariods of time. reflecting variability for * Na¢pair IS the number of pairs associated overaging oach SF* | o -=» || short time-lags when we References: Herrnstein et al. 1999, Nature, 400,
P ! Cling y with the time lag t; — ¢; e < P average the square roots of 539; Kawaguchi et al. 1998, ApJ, 504, 671;
NGC 2273. ArrOWS IIIUStrate hOW tlme §/ EE;SJ ] —B_'_,—‘::/an’/g © each SFZ (blue) VS. taklng K * k- t I 2016 A J 826 118. P d - t
lags for SF are defined. Note, the blue B ] E e L S the square root after IO;(;) 1v;s Al&i\ a2.5 2 i P Hi ot al ,193850X63I 296
Squares ShOW W1 flux in 10 day binS. roots of each SF? . "":/,_’_,/ - . avgrag”]g together eaCh a . ) ) ) ) Imone I e a . ] P p ) )
. - ]|SF" (red) 46; Son et al. 2023, Apd, 958, 135; Wright et al.
At (Days) At (Days) 2010, Apd, 140, 1868




	Slide 1

