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ALMA Signal Path

Credit: ALMA (ESO/NAOJ/NRAO)



ALMA Receiver Bands



My advisor (Adam Ginsburg) @ ALMA



The ALMA Site

Credit: ALMA (ESO/NAOJ/NRAO)



Operations Support Facility



ALMA Proposal Process
• 10% of observing time allocated to Chile


• 90% for partners accd. to financial support 
(North America, Europe, East Asia)


• "Open Skies" time: any affiliation


• Annual call for proposals (Cycle 11: April 25)


• Distributed peer review process helps prevent bias


• Astronomers don't usually visit to take data


• Calibrated data products delivered to users, 
so no need to hand-flag data :'-)



ALMA and 
Star Formation
• Optical telescopes can't see areas of 

star formation due to dust


• See Milky Way dust lanes (dark)


• IR telescopes can see light from young 
protostars...


• ...but only mm/sub-mm telescopes 
can observe collapsing cores (before 
stellar ignition)


• Interferometers specifically give us ang. res.
Credit: ALMA (NRAO/ESO/NAOJ); NRAO/AUI/NSF, 

C. Brogan, B. Saxton, J. Hellerman



Break for questions about ALMA?



Defining some acronyms

• Star formation = SF


• Galactic Center = GC: the inner part of the Milky Way


• Central Molecular Zone = CMZ: molecular material within X00 pcRGal ≈

⭐





Credit: NASA, Caltech, Susan Stolovy (SSC, Caltech)

Quintuplet 
Cluster

Sgr A*

Arches 
ClusterThe Brick

Sgr B2



Henshaw+2023

Galactic Center star formation



Galactic Center star formation

Tafalla+2021



G0.253+0.016

Walker+2021

The Brick

Henshaw+2023

red: ALMA 3mm dust continuum 
green: Spitzer 8 μm emission  

blue: Herschel dust column density



The Brick 
Line Survey
• Which spectral lines 

trace what physical 
processes in the 
Galactic Center?


• ALMA Bands 3, 4, 6


• 1  angular res., 
~0.25 K sensitivity 
in 1 km/s channel


• LAS = 5  – 10
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The Brick 
Line Survey
• Which spectral lines 

trace what physical 
processes in the 
Galactic Center?


• ALMA Bands 3, 4, 6


• 1  angular res., 
~0.25 K sensitivity 
in 1 km/s channel


• LAS = 5  – 10

′ ′ 
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Walker+2021
Rathborne+2015 and 
Walker+2021



ALMA Cycle 11 
Proposal
• Subm. in ALMA Cycles 8, 8S, 9, 10, 11

• See more lines of more 
molecules in missing 
bandwidth


• Cover larger angular 
scales with ACA/TP



Methanol Dasar in The Brick
Bulatek et al. 2023, ApJ, 956, 2

• MASER = Microwave Amplification by Stimulated 
Emission of Radiation


• Population inversion: excess population of molecules in 
upper energy state


• A photon knocks a molecule out of the upper state


• Needs source of coherent amplification


• DASAR = Dark "Amplification" by "Stimulated" 
Absorption of Radiation


• Pump drives molecules into lower energy state, that then 
absorb photons

Nugl

Nlgu
= exp ( −ΔE

kBTex )

n = 1

n = 0



Methanol Dasar in The Brick
Bulatek et al. 2023, ApJ, 956, 2

• If the pump gets  cold enough, the molecule 
could even absorb the CMB!
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Methanol Dasar 
in The Brick
Bulatek et al. 2023, ApJ, 956, 2

• Modeled physical conditions of 
dasing using non-LTE modeling


• Evaluated the use of this line for 
detecting/measuring dasing regions 
in high-redshift galaxies


• Preference for edge-on spirals


• The ngVLA will be able to observe 
this line (and others) in starburst 
galaxies up to at least 


• Poster at New Eyes on the Universe: 
SKA and ngVLA in Vancouver, Canada 
(May 2023)

z = 5



The ALMA CMZ Exploration Survey

The Brick
Sgr B2

Mosaic made by Dan Walker

HNCO peak intensity

ACES







Credit: B. Saxton, NRAO/AUI/NSF

Green Bank Telescope
Receiver turret



Credit: GBT documentation

MUSTANG-2



Image credits appear next to images; 
all uncredited images were either made 

by me or are in the public domain.

Thank you!

✉  abulatek@ufl.edu 
🌎  abulatek.github.io

mailto:abulatek@ufl.edu
http://abulatek.github.io

