
Abstract	
   Water	
   mega-­‐maser	
   disks	
   currently	
   provide	
   the	
   most	
   accurate	
   and	
   direct	
  
method	
  for	
  calcula8ng	
  distances	
  to	
  galaxies	
  and	
  for	
  weighing	
  super	
  massive	
  black	
  holes	
  (SMBHs).	
  	
  
Moreover,	
  high	
  spa8al	
  resolu8on	
  radio	
  mapping	
  of	
  these	
  systems	
  provide	
  the	
  most	
  direct	
  view	
  of	
  
the	
  process	
  of	
  accre8on	
  of	
  maDer	
  onto	
  SMBHs.	
  	
  It	
  is	
  thus	
  of	
  great	
  importance	
  to	
  understand	
  how	
  
the	
  maser-­‐emission	
  and	
   the	
  masing	
  condi8ons	
   relate	
   to	
   their	
  host	
  proper8es,	
  and	
   in	
  par8cular,	
  
with	
   their	
   nuclear	
   nebular	
   ac8vity.	
   	
   We	
   present	
   here	
   the	
   results	
   of	
   a	
   comprehensive	
   mul8-­‐
parameter	
   analysis	
   of	
   high-­‐quality	
   photometric	
   and	
   spectroscopic	
  measurements	
   of	
   the	
   largest	
  
sample	
   of	
   galaxies	
   surveyed	
   for	
   water	
   maser	
   emission.	
   	
   We	
   use	
   both	
   individual	
   parameter	
  
correla8on	
  analyses	
  and	
  a	
  Principal	
  Component	
  Analysis	
  to	
  constrain	
  the	
  type	
  and	
  range	
  of	
  op8cal	
  
characteris8cs	
   that	
   best	
   associate	
   with	
   various	
   morphologies	
   and	
   strengths	
   of	
   water	
   maser	
  
ac8vity.	
   	
   	
  We	
  present	
  these	
  results	
  in	
  the	
  frame	
  of	
  current	
  proposed	
  models	
  of	
  galac8c	
  evolu8on	
  
processes	
  sugges8ng	
  that	
  the	
  mega-­‐maser	
  phenomenon	
  could	
  be	
  related	
  to	
  a	
  certain	
  brief	
  phase	
  
in	
   the	
   ac8ve	
   galac8c	
   nucleus	
   life-­‐8me.	
   	
   This	
   analysis	
   provides	
   new	
   sophis8cated	
   yet	
   feasible	
  
criteria	
  for	
  targe8ng	
  these	
  systems	
  with	
  a	
  projected	
  4-­‐fold	
  increase	
  in	
  the	
  detec8on	
  rate.	
  

Constraining	
  The	
  Detec2on	
  Rate	
  	
  
	
  
Because	
  of	
  its	
  mul8dimensionality,	
  the	
  DA	
  is	
  more	
  of	
  
a	
  numerical	
  tool	
  than	
  a	
  visual	
  aid,	
  so	
  here	
  is	
  a	
  visual	
  
example	
  of	
  how	
  a	
  2-­‐parameter	
  constraint	
  can	
  
increase	
  the	
  mega-­‐maser	
  detec8on	
  rate	
  by	
  a	
  factor	
  of	
  
~3.	
  Suppose	
  the	
  survey	
  for	
  maser	
  emission	
  is	
  
conducted	
  only	
  for	
  galaxies	
  with	
  a	
  [S	
  II]	
  ra8o	
  between	
  
1	
  and	
  1.4,	
  and	
  an	
  [O	
  III]	
  luminosity	
  >~	
  1040	
  ergs/s,	
  the	
  
detec8on	
  rate	
  jumps	
  from	
  <3%	
  outside	
  the	
  region	
  to	
  
14%	
  inside	
  the	
  region.	
  This	
  is	
  essen8ally	
  what	
  the	
  DA	
  
does	
  but	
  for	
  the	
  en8re	
  N-­‐parameter	
  space.	
  

The	
  comparisons	
  of	
  overall	
  distribu8ons	
  of	
  a	
  variety	
  of	
  op8cal	
  host	
  and	
  nuclear	
  proper8es	
  of	
  maser	
  and	
  non-­‐maser	
  
galaxies	
  support	
  previous	
  findings	
  of,	
  e.g.,	
  Zhu	
  et	
  al.	
  (2011)	
  that	
  maser	
  galaxies	
  show	
  sta8s8cally	
  higher	
  levels	
  of	
  
reddening	
  and	
  ex8nc8on,	
  i.e.,	
  higher	
  Balmer	
  decrements	
  &	
  that	
  maser	
  galaxies	
  are	
  more	
  massive	
  (higher	
  stellar	
  mass	
  
M∗),	
  more	
  luminous	
  (in	
  Mr,	
  not	
  shown	
  here),	
  and	
  harbor	
  more	
  massive	
  BHs	
  in	
  their	
  centers	
  (as	
  shown	
  by	
  the	
  
comparison	
  in	
  σ∗).	
  	
  	
  
Nevertheless,	
  our	
  analysis	
  reveals	
  new	
  findings:	
  	
  
1.	
  Galaxies	
  with	
  very	
  massive	
  BHs	
  (σ∗	
  >	
  200	
  km/s)	
  do	
  not	
  host	
  masers;	
  physical	
  condi8ons	
  in	
  the	
  vicinity	
  of	
  such	
  
systems	
  may	
  not	
  be	
  stable	
  enough	
  to	
  sustain	
  strong	
  mega-­‐maser,	
  or	
  especially	
  disk	
  maser	
  emission.	
  	
  
2.	
  There	
  is	
  a	
  poten8al	
  ”goldilocks	
  range”	
  in	
  quite	
  a	
  few	
  maser	
  galaxy	
  parameters:	
  	
  
i)	
  ne	
  spans	
  only	
  a	
  range	
  of	
  ∼100−300	
  cm3	
  (corresponding	
  to	
  [S	
  II]	
  λ	
  6716/λ6731	
  =	
  1.4	
  −	
  1);	
  	
  
ii)	
  both	
  MBH	
  and	
  L/LEdd	
  are	
  narrowly	
  centered	
  on	
  what	
  appears	
  to	
  correspond	
  	
  
to	
  a	
  change	
  in	
  the	
  accre8on	
  flow	
  geometry	
  or	
  mode,	
  from	
  efficient	
  	
  
(i.e.,	
  Shakura-­‐Sunyaev	
  standard	
  accre8on	
  disk/corona,	
  or	
  quasar-­‐like,	
  	
  
Shakura	
  &	
  Syunyaev	
  1973)	
  to	
  inefficient	
  (i.e.,	
  the	
  radia8vely	
  inefficient,	
  	
  
or	
  advec8on	
  dominated	
  accre8on	
  flow;	
  RIAF/ADAF;	
  e.g.,	
  Narayan	
  &	
  Yi	
  1994	
  )	
  	
  
with	
  decreasing	
  L/Ledd	
  (e.g.,	
  Constan8n	
  et	
  al.	
  2009).	
  	
  	
  
This	
  may	
  suggest	
  that	
  the	
  disk	
  mega-­‐maser	
  emission	
  is	
  related	
  	
  
to	
  a	
  certain	
  (short)	
  phase	
  in	
  the	
  galaxy-­‐AGN	
  evolu2on,	
  	
  
reflected	
  in	
  this	
  par8cular	
  change.	
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TABLE 2
Pysical Parameters of Maser Galaxies with

Optical Spectroscopy

Object name Vsys LH2O Morphology Reference

NGC...
NGC...

a

TABLE 3
Mean Values for Maser/Non-maser Galaxy

Samples

Variable Masers Megamasers Control

z 0.019 ± x 0.026 ± x 0.025 ± x
H↵/H� 6.6 ± x 6.5 ± x 4.7 ± x

Log(SFR) 0.0 ± x 0.4 ± x �0.8 ± x
Log L[O III] 41.1 ± x 41.6 ± x 40.1 ± x
Log L[O I] 40.0 ± x 40.6 ± x 39.3 ± x
S[II] Ratio 1.2 ± x 1.2 ± x 1.3 ± x

�⇤ 129.4 ± x 151.4 ± x 113.8 ± x
L/Ledd �1.2 ± x �1.1 ± x �1.9 ± x

TABLE 4
K-S Statistics for Maser/Non-maser Parameter Comparisons

Variable Masers/Control Maser/Megamasers Control/Megamasers

z 0.72 0.91 0.91
Log(SFR) 0.0018 0.85 < 1⇥ 10�4

Log L[OIII] < 1⇥ 10�4 1.00 < 1⇥ 10�4

Log L[OI] 0.00065 0.98 < 1⇥ 10�4

S[II] Ratio 0.091 0.91 0.00030
H↵/H� 0.52 0.43 < 1⇥ 10�4

�⇤ 0.0026 0.73 < 1⇥ 10�4

L/Ledd 0.10 0.90 < 1⇥ 10�4

-Perform comparison of SDSS and Palomar narrow-line
properties –motivate the choice of one or the other; for
Palomar instead of SDSS?
-present distributions of a variety of measures: red-

shift, line luminosities (O III, O I, H↵ and derived SFR),
Balmer Decrements, stellar velocity dispersions �⇤ as
proxies for the black hole masses M , the D4000 break
index; Figure 2.
-list and compare average values for all these parame-

ters, Table 3.
-list and compare K-S statistics for probabilities that

distributions of masers and non-maser galaxies are drawn
from the same parent populations; Table 4
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Data	
  and	
  Measurements	
  

The	
  characteris2cs	
  that	
  differen2ate	
  between	
  masers	
  and	
  non-­‐masers	
  

Op2cal	
  Spectral	
  Types	
  and	
  Maser	
  Ac2vity	
  

Emixng	
  Gas	
  
Parameters	
  

[S	
  II]	
  Ra8o	
  (Ne)	
  
(λλ	
  6716/6731	
  Å)	
  

Hα	
  /	
  Hβ	
  
(Balmer	
  Decrement)	
  

Stellar	
  Proper8es	
  

D4000	
  

(Age	
  of	
  stellar	
  popula8on)	
  

Mstar	
  

(Total	
  stellar	
  mass)	
  Line	
  Luminosi8es	
  

[O	
  III]	
   L[O	
  III]	
  /	
  Ledd	
  

[O	
  I]	
  

Hα	
   Star	
  Forma8on	
  Rate	
  

Line	
  Fluxes	
   Line	
  Ra8os	
  

[O	
  III]/Hβ	
  
[N	
  II]/Hα	
  
[S	
  II]/Hα	
  
[O	
  I]/Hα	
  

BPT	
  Diagrams	
  

	
  	
   	
  	
  

	
  	
   	
  	
  

Principal	
  Component	
  Analysis	
  (PCA)	
  
PCA	
  is	
  a	
  dimension	
  reduc8on	
  technique	
  that	
  eliminates	
  any	
  
redundancies	
  in	
  the	
  data.	
  This	
  idea	
  is	
  demonstrated	
  to	
  the	
  
right:	
  by	
  analy8cally	
  picking	
  appropriate	
  linear	
  combina8ons	
  of	
  
parameters	
  we	
  can	
  create	
  a	
  more	
  accurate	
  measure	
  of	
  the	
  
variability	
  in	
  a	
  data	
  set.	
  The	
  PCA	
  is	
  an	
  exploratory	
  analysis	
  in	
  
that	
  it	
  reveals	
  otherwise	
  hidden	
  trends	
  and	
  correla8ons.	
  	
  

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

hDps://safe.nrao.edu/wiki/bin/view/Main/MegamaserCosmologyProject	
  

hDp://www.jmu.edu/stories/2013/2013-­‐anca-­‐constan8n-­‐research.shtml	
  

Discriminant	
  Analysis	
  (DA)	
  

Line	
   diagnos8c	
   diagrams	
   are	
   useful	
   for	
   iden8fying	
   the	
   dominant	
   ioniza8on	
   mechanisms	
   in	
   galac8c	
  
nuclei.	
   	
  Star	
  forming	
  galaxies	
  (H	
  II’s),	
  where	
  ioniza8on	
  is	
  produced	
  by	
  hot	
  young	
   	
  stars,	
  have	
  low	
  [O	
  III],	
  
[N	
  II],	
  [S	
  II]	
  and	
  [O	
  I]	
  emission	
  while	
  Seyferts	
  show	
  strong	
  emissions	
  in	
  these	
  features.	
  Transi8on	
  Objects	
  
(Ts)	
  and	
  the	
  Low	
  Ioniza8on	
  Nuclear	
  Emission	
  Regions	
  (LINERs,	
  Ls)	
  show	
  an	
   intermediate	
  behavior,	
  and	
  
thus,	
  probably	
  a	
  mix	
  of	
  these	
  two	
  ioniza8on	
  types.	
  	
  	
  We	
  adopt	
  the	
  criteria	
  of	
  Kewley	
  et	
  al.	
  (2006).	
  	
  These	
  
diagrams	
   reveal	
   that	
   maser	
   emission	
   is	
   not	
   exclusively	
   associated	
   with	
   Seyfert	
   type	
   ac2vity	
   as	
  
previously	
  believed.	
   	
  The	
  maser	
  detec2on	
  rate	
  is	
  clearly	
  non-­‐zero	
  for	
  non-­‐accre2ng	
  sources.	
   	
  It	
  is	
  also	
  
apparent	
  that	
  maser	
  galaxies	
  tend	
  to	
  have	
  a	
  higher	
  [O	
  III]/Hβ	
  flux	
  ra8os,	
  a	
  property	
  that	
  can	
  be	
  exploited	
  
in	
  future	
  survey	
  target	
  selec8on.	
  

Kolmogorov-­‐Smirnov	
  (K-­‐S)	
  Sta2s2cs	
  
The	
  K-­‐S	
  sta8s8c	
  is	
  a	
  method	
  of	
  quan8fying	
  the	
  probability	
  that	
  
two	
  distribu8ons	
  share	
  the	
  same	
  parent	
  popula8on.	
  K-­‐S	
  
probabili8es	
  are	
  consistently	
  low	
  for	
  the	
  control/mega-­‐maser	
  
comparison,	
  showing	
  that	
  they	
  do	
  not	
  share	
  the	
  same	
  parent	
  
set	
  of	
  characteris8cs,	
  even	
  if	
  they	
  sample	
  similar	
  cosmological	
  
volumes	
  (i.e.,	
  similar	
  redshi~	
  distribu8ons).	
  	
  L[O	
  III]	
  is	
  
consistently	
  a	
  trait	
  that	
  dis8nguishes	
  the	
  mega-­‐masers	
  from	
  
the	
  non-­‐masers	
  (control),	
  as	
  in	
  Zhu	
  et	
  al.	
  (2011).	
  

Cross	
  Matching	
  
The	
  results	
  of	
  cross	
  matching	
  the	
  
MCP	
  maser	
  and	
  non-­‐maser	
  
samples	
  with	
  large	
  op8cal	
  
spectroscopic	
  surveys	
  (Palomar;	
  
e.g.,	
  Ho	
  et	
  al.	
  2009,	
  and	
  
references	
  therein,	
  and	
  SDSS;	
  
Abazajian	
  et	
  al.	
  2009	
  )	
  are	
  listed	
  
in	
  the	
  table	
  below.	
  	
  We	
  
performed	
  visual	
  inspec8on	
  of	
  
every	
  match	
  in	
  order	
  to	
  assure	
  
that	
  all	
  matches	
  were	
  indeed	
  
nuclear.	
  	
  We	
  present	
  examples	
  of	
  
good	
  (nuclear)	
  and	
  bad	
  (non-­‐
nuclear)	
  matches	
  to	
  the	
  right.	
  	
  
For	
  the	
  maser	
  galaxies	
  that	
  are	
  
not	
  included	
  in	
  the	
  Palomar	
  or	
  
SDSS	
  surveys,	
  we	
  searched	
  the	
  
literature	
  for	
  spectral	
  and	
  
photometric	
  informa8on.	
  	
  	
  	
  	
  
	
  	
  

Mega-­‐maser	
   disks	
   are	
   sparse.	
   The	
   detec8on	
  
rate	
   of	
   maser	
   emission	
   in	
   galac8c	
   nuclei	
   is	
  
only	
  ~4%.	
  Out	
  of	
   ~3500	
  galaxies	
   surveyed	
   to	
  
date	
   only	
   151	
   galaxies	
   were	
   found	
   to	
   host	
  
maser	
   emission	
   (The	
  Megamaser	
   Cosmology	
  
Project;	
   MCP;	
   e.g.,	
   Reid	
   et	
   al.	
   2009,	
   2013)	
   .	
  
Only	
   34	
   (23%)	
   of	
   these	
   appear	
   to	
   be	
   mega-­‐
masers	
   (LH2O	
   >	
   10	
   Lsun)	
   with	
   a	
   disk	
   like	
  
configura8on.	
   In	
   an	
   aDempt	
   to	
   increase	
   the	
  
efficiency	
   in	
  mega-­‐maser	
   detec8on	
   in	
   future	
  
surveys,	
  we	
  characterize	
  and	
  compare	
  a	
  wide	
  
variety	
  of	
  	
  nuclear	
  and	
  host	
  op8cal	
  proper8es	
  
of	
   galaxies	
  with	
  and	
  without	
  detected	
  maser	
  
emission.	
  
	
  

	
  
	
  
Measurements	
  of	
  the	
  host	
  and	
  nuclear	
  nebular	
  emission	
  of	
  the	
  SDSS	
  galaxies	
  are	
  drawn	
  from	
  the	
  
MPA/JHU	
  catalogue	
  (Brinchmann	
  et	
  al.	
  2004).	
  	
  For	
  all	
  of	
  the	
  spectral	
  measurements	
  employed	
  in	
  
this	
  study,	
  the	
  emission-­‐line	
  component	
  is	
  measured	
  a~er	
  it	
  is	
  separated	
  from	
  the	
  host	
  stellar	
  
emission.	
  	
  Black	
  Hole	
  masses	
  (MBH)	
  and	
  corresponding	
  accre8on	
  rates	
  (measured	
  via	
  the	
  Eddington	
  
ra8o)	
  are	
  obtained	
  based	
  on	
  es8mates	
  of	
  the	
  stellar	
  velocity	
  dispersion	
  (σ∗).	
  	
  For	
  the	
  SDSS	
  objects	
  
only,	
  	
  we	
  also	
  relate	
  the	
  maser	
  and	
  the	
  central	
  BH	
  accre8on	
  ac8vity	
  to	
  the	
  host	
  proper8es	
  	
  	
  by	
  
employing	
  stellar	
  masses	
  and	
  the	
  Dn4000	
  break,	
  as	
  calculated	
  and	
  presented	
  by	
  Kauffman	
  et	
  al.	
  
(2003,	
  2004).	
  	
  

Detec2on	
  Rate	
  Inside:	
  14.0%	
  

Detec2on	
  Rate	
  Outside:	
  2.6%	
  

Detec2on	
  Rate	
  Overall:	
  6.0%	
  

PCA	
  sta2s2cs	
  of	
  the	
  combined	
  maser	
  and	
  
control	
  samples:	
  The	
  eigenvectors	
  are	
  linear	
  
combina8ons	
  of	
  the	
  parameters	
  shown	
  and	
  
each	
  corresponding	
  value	
  is	
  the	
  weight	
  of	
  the	
  
parameter.	
  Values	
  in	
  bold	
  indicate	
  significant	
  
correla8ons.	
  	
  EV1	
  confirms	
  that	
  the	
  spectral	
  
type	
  (as	
  defined	
  by	
  the	
  4	
  flux	
  ra8os)	
  is	
  the	
  
most	
  significant	
  contributor	
  to	
  the	
  variance	
  in	
  
the	
  data,	
  consistent	
  to	
  what	
  the	
  BPT	
  diagram	
  
shows.	
  	
  EV2	
  is	
  dominated	
  by	
  the	
  correla8on	
  of	
  
redshi~	
  z	
  and	
  L[OIII],	
  generally	
  expected	
  for	
  
any	
  sample.	
  	
  EV3	
  is	
  dominated	
  by	
  the	
  
correla8on	
  of	
  the	
  Hα/Hβ	
  and	
  the	
  maser	
  
luminosity	
  L(H2O),	
  sugges8ng	
  that	
  the	
  maser	
  
ac8vity	
  depends	
  on	
  the	
  obscura8on	
  of	
  the	
  
nuclear	
  region.	
  

DA	
  is	
  a	
  mul8dimensional	
  sta8s8cal	
  analysis	
  similar	
  to	
  PCA,	
  with	
  the	
  important	
  dis8nc8on	
  that	
  it	
  is	
  predic8ve	
  and	
  
not	
  exploratory.	
  	
  DA	
  maximizes	
  the	
  separa8on	
  of	
  two	
  or	
  more	
  groups	
  in	
  their	
  variable	
  space,	
  and	
  provide	
  a	
  
quan8ta8ve	
  combina8on	
  of	
  parameters	
  that	
  contribute	
  the	
  most	
  to	
  this	
  separa8on.	
  In	
  our	
  case	
  the	
  two	
  groups	
  
are	
  the	
  non-­‐masers	
  and	
  the	
  masers	
  (or	
  mega-­‐masers	
  or	
  disks)	
  and	
  the	
  variables	
  are	
  the	
  op8cal	
  spectral	
  and	
  
photometric	
  data.	
  The	
  table	
  above	
  shows	
  the	
  performance	
  of	
  the	
  analysis	
  on	
  our	
  known	
  masers	
  and	
  non-­‐masers	
  
(i.e.	
  the	
  training	
  set);	
  the	
  predic8ons	
  and	
  their	
  associated	
  errors	
  represent	
  the	
  op8mis8c	
  maximum.	
  	
  The	
  model	
  
based	
  on	
  the	
  training	
  set	
  can	
  then	
  be	
  applied	
  to	
  any	
  other	
  	
  object	
  with	
  the	
  same	
  set	
  of	
  measurements.	
  	
  We	
  are	
  
currently	
  doing	
  this	
  to	
  a	
  set	
  of	
  300,000	
  galaxies	
  from	
  the	
  MPA-­‐JHU	
  SDSS	
  DR7	
  spectroscopic	
  data	
  catalogue	
  (see	
  
table	
  for	
  preliminary	
  results),	
  and	
  will	
  test	
  the	
  proposed	
  target	
  set	
  with	
  future	
  observa8ons	
  at	
  Green	
  Bank	
  
Telescope.	
  	
  

Plots	
  of	
  EV1	
  vs.	
  the	
  line	
  ra8os	
  employed	
  in	
  op8cal	
  
classifica8ons	
  show	
  that	
  the	
  masers,	
  and	
  especially	
  the	
  mega-­‐
masers	
  or	
  the	
  disks,	
  are	
  well	
  clustered	
  within	
  a	
  certain	
  
parameter	
  space.	
  This	
  indicates	
  that	
  the	
  mega-­‐masers	
  are	
  
indeed	
  quan8fiably	
  different	
  from	
  the	
  non-­‐masers.	
  Various	
  PCA	
  
tests	
  for	
  sets	
  of	
  measures	
  separated	
  by	
  maser/non-­‐maser	
  
based	
  on	
  a	
  priori	
  known	
  correla8ons	
  among	
  parameters	
  show	
  
significantly	
  different	
  weights,	
  suppor8ng	
  a	
  dissimilarity	
  in	
  
proper8es	
  between	
  maser	
  and	
  non-­‐maser	
  systems.	
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support	
  differences	
  seen	
  in	
  
overall	
  distribu8ons	
  
between	
  maser	
  disks,	
  
mega-­‐masers,	
  masers	
  in	
  
general	
  and	
  non-­‐maser	
  
galaxies.	
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Table 1. Predictions of the Discriminant Analysis

Type Maser Mega-Maser Disk

Masers Control % of Total Masers Masers Control % of Total Masers Masers Control % of Total Masers

Total 1735 298851 100% 1191 299395 100% 888 299698 100%

HII 1088 210881 63% 573 211396 48% 612 211357 69%

Transition 126 52848 7% 113 52861 9% 16 52958 2%

Seyfert 389 12142 22% 383 12148 32% 238 12293 27%

LINER 129 22978 7% 119 22988 10% 21 23086 2%

Table	
  of	
  Discriminant	
  Analysis	
  Predic2ons	
  	
  

8 Constantin et al.

TABLE 6
Sample Statistics

Source Control Masers Mega-masers Disks

SDSS 1181 46 34 7
Palomar 183 26 11 4
Palomar & SDSSa 25 7 2 1
Otherb 0 27 22 5
Total 1339 92 65 15

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

TABLE 7
Maser sample information

Name RA Dec LH2O Vsys H2O Spectral �⇤ Ref
(J2000) (J2000) L� (km/s) Class Class SpecA/�⇤B

NGC 23 00:09:53.6 25:55:23 180 4565 ... T 139 c/4
NGC 17 00:11:06.5 -12:06:26 ... 5931 ... S ... c/...
J0011-0054 00:11:45.2 -00:54:31 527 14384 ... L 141 SDSS
IC 10 00:20:17.9 59:18:31 ... -350 SF HII ... Palomar
Mrk 348 00:48:47.1 31:57:25 400 4507 J ... 118 f/1
NGC 291 00:53:29.9 -08:46:04 74 5705 ... S 109 SDSS
Mrk 1 01:16:07.2 33:05:22 50 4780 D? ... 115 e/1
NGC 520 01:24:35.07 03:47:32.7 1 2281 SF? HII 41 Palomar
M 33 01:33:16.5 30:52:50 ... -180 SF HII: 20 Palomar
NGC 591 01:33:31.2 35:40:06 25 4547 D? ... 95 b/3
J0214-0016 02:14:05.9 -00:16:37 74 11205 ... S 56 SDSS
NGC 1052 02:41:04.8 -08:15:21 125 1470 J L 242 Palomar
NGC 1068 02:42:40.7 -00:00:48 160 1137 D+J S 162 Palomar C

J0253-0014 02:53:29.60 -00:14:05.6 4 8622 ... S 96 SDSS
Mrk 1066 02:59:58.6 36:49:14 32 3605 ... S 105 i/1
NGC 1194 03:03:49.11 -01:06:13.4 112 4076 D S 154 SDSS
NGC 1320 03:24:48.7 -03:02:32 43 2663 D? S 116 j/1
NGC 1386 03:36:46.4 -36:00:02 125 868 D+? S 120 g/1
IC 342 03:46:46.3 68:05:46 ... 40 SF HII ... Palomar
IRAS 04385-0828 04:40:54.97 -08:22:22.2 43 4527 ... ... ... b/...
UGCA 116 05:55:42.63 03:23:31.8 3 789 SF? HII ... k/...
Mrk 3 06:15:36.3 71:02:15 10 4050 ... ... 269 e/1
NGC 2146 06:18:36.6 78:21:28 1 900 SF HII 127 Palomar
NGC 2273 06:50:08.7 60:50:45 32 1840 D S 149 Palomar
NGC 2410 07:35:02.2 32:49:20 14 4681 ... S 166 SDSS
Mrk 78 07:42:41.7 65:10:37 32 11137 ... ... 172 f/1
IC 485 08:00:19.77 26:42:05.2 1060 8338 D? L/S: 187 SDSS
NGC 2639 08:43:38.1 50:12:20 25 3336 ... S/L: 179 Palomar
J0912+2304 09:12:46.38 23:04:27.3 143 10889 ... S 74 SDSS
NGC 2782 09:14:05.1 40:06:49 13 2562 ... T 183 Palomar
SBS0927+493 09:31:06.7 49:04:47 ... 10240 ... T 147 SDSS
UGC 5101 09:35:51.6 61:21:11 1900 11809 ... L: 189 SDSS
Mrk 1419 09:40:36.4 03:34:37 400 4932 D ... ... b/...
M 82 09:55:52.2 69:40:47 1 200 SF T ... Palomar C

NGC 3081 09:59:29.5 -22:49:35 17 2391 ... S 134 g/2
NGC 3079 10:01:57.8 55:40:47 500 1125 ... S: 182 Palomar
NGC 3160 10:13:55.07 38:50:34.2 46 6920 ... S 155 SDSS
UGC 5713 10:31:38.87 25:59:02.3 237 6312 ... S 168 SDSS
Mrk 34 10:34:08.6 60:01:52 1000 15140 ... ... 181 e/3
NGC 3359 10:46:36.8 63:13:25 ... 1014 ... HII 55 Palomar C

UGC 6093 11:00:47.96 10:43:41.3 770 10828 D S: 161 SDSS
J1103-0052 11:03:38.36 -00:52:08.5 26 8584 ... T 97 SDSS
J1109+2837 11:09:33.15 28:37:39.5 36 11422 ... S 149 SDSS
NGC 3556 11:11:31.0 55:40:27 1 699 ... HII 79 Palomar
CGCG 185-028 11:17:00.12 32:35:50.6 550 10455 ... L 204 SDSS
NGC 3614 11:18:21.32 45:44:53.6 3 2333 ... T 61 SDSS
Arp 299 11:28:31.9 58:33:45 125 3121 ... T 144 Palomar C

NGC 3735 11:35:57.3 70:32:09 20 2696 ... S 141 Palomar
CGCG 068-013 11:38:08.01 11:11:47.0 92 10707 ... S 111 SDSS
CGCG 268-089 11:49:45.7 50:31:37.0 149 7924 ... S 128 SDSS
J1202+3519 12:02:04.62 35:19:18.1 520 10201 ... S 105 SDSS
UGC 7016 12:02:23.98 14:50:37.1 22 7271 ... S 177 SDSS
NGC 4051 12:03:09.6 44:31:53 2 700 ... S 127 Palomar


