
LLAMA Workshop



Which molecules

 Although the number of molecules that present maser 

emission is very small, they provide extremely large 

scientific information

 OH                                 1665 -1667-1720 MHz

 H2O                                22.2 - ………….  GHz   

 SiO 43 – 86               GHz

 CH3OH (Methanol)         6.7 – 12.2 - …….GHz

 NH3                                                 23                       GHz

 Recombination lines       > 20                    GHz



Sizes

 Maser amplification requires velocity  coherence along 
large distances

 For this reason the projected sizes of maser spots are 
small ( 1015  cm)

 For the same reason the lines are narrow (< 1 km s-1).

 Maser spots are found in clumps, extending on 
distances of 1017 cm

 The different spots have different velocities, extending 
for hundreds of km s-1, forming a  wide profile.



Sizes
NGC 5248 Mega-maser (Greenhill et al. 1995)

D = 6.4 Mpc



Where to find them

 Star forming regions : OH, H2O, methanol 

 Evolved stars (Asymptotic Giant Branch, Mira 

variables,……): OH, H2O, SiO

 Proto-Planetary Nebulae: OH, H2O 

 Supernova remnants

 AGNs: OH, H2O, methanol (recent in Andromeda)

 UCHII: recombination lines

 Dense cores in molecular clouds: NH3



How to Observe them

 Single dish

 Interferometry : VLA, ATCA, VLBI

 First scientific work with the Itapetinga radiotelescope in the 70’s 
(except Solar Physics)

 Led to the discovery of  water maser sources in star formation 
regions of the Southern Hemisphere

 Also observations of water maser  and SiO sources in the 
envelopes of giant evolved stars.

 Detection of the first megamaser in NGC4945 (dos Santos & 
Lépine 1979)

 Discovery of the strongest polarized water source in Orion 
(Abraham et al. 1981).



What can we learn from them?

 Star forming regions: existence of YSOs

 Physical conditions for pumping

 Existence of protoplanetary disks

 Magnetic field

 Evolved stars: velocities, paralaxes, proper motions

 Rotation curve, spiral arms

 Megamesers: existence of BH (mass determination)

 Extragalactic distance scale



Highlights: gravitationally lensed

water maser at z=2.64
Impellizzeri et al. (2009)

Effelsberg

EVLA

Quasar J0414+0534 lensed by an elliptical galaxy at z=0.958



Highlights: pulsed OH Maser 

Emission Stimulated by a Pulsar

Weisberg et al. (2005)

PSR B1641-45



H recombination lines (masers)

Eta Car Recombinetion Lines
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NH3 masers

Caproni, Abraham & Vilas Boas (2000)



Observing with LLAMA
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Menten et al. (2008)



Possible frequencies for 

LLAMA


