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 Megamaser disk system

Rest frequency: 22.23508 GHz

Greenhill et al. 1995Moran et al. 2008
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NGC 4258: archetypical maser disk 

Argon et al. 2007;  Humphreys et al. 2013

● Late-type Sy 2 galaxy,  L
bol

= 4x1041ergs s-1

● Disk size: 0.13 to 0.27 pc

● Distance: 7.60 ± 0.227 Mpc  (3%) 

● M
BH

: 3.96 ± 0.119 x 107 M
ʘ
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 The Megamaser Cosmology Project (MCP)
P.I.   Jim A. Braatz (NRAO)
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 Current Survey Status
Mainly limited by sensitivity, so need large collecting 
area.

Main target sample: Seyfert 2 & LINER
              (Braatz et al. 1996;1997)

Recent work done mainly by:

Northern Hemisphere:

 the Megamaser Cosmology Project (MCP) 
with the GBT

Southern Hemisphere:
Tidbinbilla DSN (e.g. Greenhill et al. 2006; 
2008)

Typical Exposure time:

10mins@ GBT, with dual beam receiver
10mJy with 24.5kHz spec resolution

Equivalent 1h @Eff / DSN 

Total searched:    ~ 4000
Maser detected:   166     4%
Disk detected:       38   ~ 1%
Clean Disk:    ~ 20  ~ 0.5%
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Maser disk generation

Current Sample Selection Criteria:

     Seyfert 2 / LINER with M
B
 < -19.5, V

re
 < 15000 km s-1

Requirements for pumping H
2
0 maser:

        Central heating (e.g. X-ray) · Molecular gas · Cold Dust ·
            Amplification path length · Coherent Velocity Field
Requirements for detecting H

2
0 maser:

            Narrow Beaming angle (e.g. for systemic masers)

● In general, dust provides an effective cooling mechanism to absorb H
2
0 

IR transition lines, so as to maintain the population inversion. 

● For the 22 GHz line:
T

d
 < 100K  dust radiation is negligible  

T
d
 = 300K  ~10% emitted compared to T

d
 = 100K

Yates et al. 1997
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Calibrating CO-based M
BH

 

Davis et al. 2013, Nature 

– Great potential for M
BH

 measurement

– Degeneracies between M
BH

, M/L and σ
turb(r)

– Could be tested by disk maser systems

– ALMA cycle 4 project 2016.1.1553.S (B-graded)  
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The JCMT observations

● M16BP068

● 39 hours, 30 targets ,T
int

 ~ 40 min per target

● 50/50 maser/non-maser,  7 Mpc ~ 150 Mpc 
● RxA for CO (J=2-1) , band 4 weather
● 92% completion by now
● CO detection rate: 

10/15 for both the maser and the control sample  
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● 53.2 Mpc
● S0, Seyfert 2
● No detection from JCMT
● No detection from ALMA
● Dust lane at the GC
● CO intensity predicted 

based on FIR: 0.16 Jy

NGC1194: what's going on?
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The “clean” disk sample 
(accessible by ALMA)
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