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A good starting point to learn what ALMA can do for you 
!

https://science.nrao.edu/facilities/alma/didyouknow 
!

Observing with ALMA - A primer 

https://science.nrao.edu/facilities/alma/didyouknow
https://almascience.nrao.edu/documents-and-tools/cycle5/alma-early-science-primer


A few examples 

1. Studying the Sun!
2. Studying the Solar system. 
3. Studying proto-planetary disks. 
4. Studying stellar-activity. 
5. Studying High-Energy Astrophysics



1. mm-wave observations of the Sun:  
Catching up with optical observations

https://arxiv.org/pdf/1601.00587.pdf

http://www.astro.gla.ac.uk/~eduard/solarALMA/presentations/White.pdf

BIMA image 
10” resolution  

 

VLA Image

https://arxiv.org/pdf/1601.00587.pdf


1. ALMA unique capabilities in studying the 
solar chromosphere   

http://www.ssalmon.uio.no/

http://www.ssalmon.uio.no/


1. ALMA unique capabilities in studying the 
solar chromosphere   

1. The continuum radiation at millimeter wavelengths probe 
the gas temperature in a rather narrow layer in the solar 
atmosphere. 

2. The polarization provides a measure of the longitudinal 
magnetic field component in the same layer in the solar 
atmosphere. 

3. The height of the probed atmospheric layer increases with 
the selected wavelength, enabling height scans through the 
solar atmosphere and tomographic techniques. 



1. Fundamental questions in solar physics 
to be addressed with  ALMA

Coronal and chromospheric heating: ALMA has the potential to substantially 
contribute to solving the coronal/chromospheric heating problem by probing the 
3D thermal structure and dynamics of the solar chromosphere, thus revealing the 
energy transport in the outer layers.  

Solar flares: ALMA’s ability to probe the thermal and magnetic state of flaring 
regions at high spectral, spatial and temporal resolution promises to deliver new 
key information about particle acceleration mechanisms and the source of the 
emission component at sub THz frequencies. 

Solar prominences: ALMA is an ideal tool for probing the cool prominences 
plasma and addressing the many unanswered questions from the formation to the 
eruption of prominences. 



1. Continuum Mapping of the Sun at 
Millimeter Wavelengths

1.2” resolution  
at 100 GHz, or  

900 km on the Sun

0.5” resolution  
at 230 GHz, or 

360 km on the Sun 



A few examples 

1. Studying the Sun 
2. Studying the Solar system.!
3. Studying proto-planetary disks. 
4. Studying stellar-activity. 
5. Studying High-Energy Astrophysics



2. ALMA Observations of Solar System 
Objects

https://almascience.nrao.edu/alma-science/solar-system

ALMA observations measure the 
size and structure of asteroids.  

!
ALMA observations are 

complementary to optical/IR 
adaptive optics observations and 

radar mapping.  

Viikinkoski et al. 2015, A&A, 581, L3

https://almascience.nrao.edu/alma-science/solar-system


2. ALMA Observations of Comets

Image and spectrum of the comet C/2012 K1 (PanSTARRS) in the J=7-6 line 
of methanol, showing several transitions of the molecule.  

Cordiner et al. (2017a).



2. Comets: reservoir of pristine material

Van Boekel et al. (2004)



2. Comets: temporal variability
Cordiner et al. (2017b)

HCN

CH3CN

H2CO

Cont



2. Detecting molecules the atmosphere of planets

Lellouch et al. (2016) detected CO and HCN from Pluto using ALMA. From the CO profile, a 
thermal profile of the atmospheric temperature could be produced, showing that there is a 

well-marked temperature decrease above the 30-50 km stratopause;



2. Detecting molecules the atmosphere of planets

Spectral map of CO transition on Venus
Encrenaz et al.  (2014)



2. Detecting molecules the atmosphere of planets

Spectral map of SO transition on Venus
Encrenaz et al.  (2014)



2. Thermal profile and composition of Venus 
atmosphere 

Encrenaz et al.  (2014)



A few examples 

1. Studying the Sun 
2. Studying the Solar system. 
3. Studying proto-planetary disks.!
4. Studying stellar-activity. 
5. Studying High-Energy Astrophysics



Dust distribution 

ALMA images of the dust emission at ~ 1 mm

ALMA observations achieve an unprecedented dynamic range 
resulting in the discovery of small-scale (< 30 AU) structures.

10 AU 10 AU 10 AU 10 AU

(ALMA partership 2015, Andrews et al. 2016, Isella et al. 2016, Perez et al. 2016)



10 AU 10 AU 10 AU 10 AU

Nature, 520, 7546, 198, 2015

Detection of “large amount” of acetonitrile (CH3CN)  
in MWC 480. Evidence of chemical complexity similar to that observed in comets.



10 AU 10 AU 10 AU 10 AU

Resolve the frost line of volatiles elements

Okuzumi et al. (2015)



10 AU 10 AU 10 AU 10 AU

Resolving the CO frost line

Qi et al. (2015)



A few examples 

1. Studying the Sun. 
2. Studying the Solar system. 
3. Studying proto-planetary disks. 
4. Studying stellar-activity.!
5. Studying High-Energy Astrophysics



Observations of molecular 
outflows

Arce et al. (2013)

HH46/47



Observations of molecular 
outflows

Arce et al. (2013)

Green: HST image !
in the SII filter!

Hartigan et al. (2011)

HH46/47



Understanding the emission 
process

 Bjerkeli et al. (2016) 

TMC1A

ALMA observations probes the outflow close to the star 
and show the presence of a disk wind

the disk wind launching point (AU)



A few examples 

1. Studying the Sun. 
2. Studying the Solar system. 
3. Studying proto-planetary disks. 
4. Studying stellar-activity. 
5. Studying High-Energy Astrophysics



 Bower et al. (2015) 

no spectral break between 230 and 690 GHz



Measuring Black Hole Masses

Barth et al. (2016) 

NGC 1332 
CO J=2-1

0.044” resolution
101’ on sourceALMA observation 

can resolve 
molecular line 

emission inside the 
gravitational radius of 

the BH and 
provide a precise 
estimate of the BH 

mass. 



ALMA is a fantastic resource and is much 
more accessible than what you might think. !

!

HST oversubscription 4.5!
ALMA oversubscription 4.1 (3.5 for NA)!

!

If you have a good idea, give it a try! 


