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Overview and introduction



Defining some acronyms
• Star formation = SF


• Interstellar medium = ISM


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


• Central Molecular Zone = CMZ: molecular material within X00 pc


• Cosmic Microwave Background = CMB


• Atacama Large Millimeter/submillimeter Array = ALMA


• James Webb Space Telescope = JWST


• next generation Very Large Array = ngVLA


• Brick Line Survey = BLS

RGal ≈

⭐



Open questions in 
Galactic Center 
star formation
• How do stars form in the Galactic 

Center?


• Why is star formation in the GC 
different than in the Galactic disk?


• What are the initial conditions for SF 
in the GC?


• What role do chemistry, turbulence, 
and gas kinematics play in GC SF?


• Why is The Brick forming so few 
stars?

Henshaw+2023

Tafalla+2021
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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
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What I have done, and  
what I am doing



Years 1 and 2



The Brick 
Line Survey
Masters Project

• 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
Masters Project

• 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
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The Brick 
Line Survey
Masters Project



Year 3



Methanol Dasar in The Brick
Paper I (accepted)

• 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 )



Methanol Dasar in The Brick
Paper I (accepted)

• If the pump gets  cold enough, the molecule 
could even absorb the CMB!
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Methanol Dasar 
in The Brick
Paper I (accepted)

• Modeled dasing volume density, 
column density, and temperature 
using RADEX


• 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 z = 5





BLS I: A line survey of a hot molecular core 
in The Brick
Paper II (in prep.)

• Complete list of all 
spectral lines present 
in the hot core


• LTE modeling results 
for ,  for each 
molecule


• Working with a high 
school student on 
Python, LTE 
modeling

T Ntot



The rest of the thesis



BLS II: JWST MIRI data on The Brick
Paper III

Spitzer 8μm



BLS II: JWST MIRI data on The Brick
Paper III

• Reduce MIRI data


• Solve pipeline issues 
(background matching)


• Catalog 26 μm sources in the 
data


• Spectrally classify those 
sources (search for YSOs)


• Discussion (depending on 
what the sources are)

NIRCam (star-subtracted; Ginsburg+2023)

MIRI



BLS III: BLS extension
Paper IV

• Answering the "which what" question 
using the catalog built in Paper I


• Associate new tracers with ISM processes


• Morphologically, or with e.g. PCA


• First steps:


• Isolate regions (core, outflow, shocks)


• Repeat spectral extraction and LTE modeling


• Compare spectral contents of regions


• Make conclusions



BLS III+
In my dreams

• ALMA Cycle 8, 8S, 9, 10 proposals

• See more lines of more 
molecules, refine 
model spectra


• Cover larger angular 
scales with ACA/TP
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Other projects
A. The ALMA CMZ Exploration Survey


• Backup paper IV


B. Searching for OB Stars in The Brick


• Henshaw+2022, Jiang+202X


C. JWST NIRCam data on The Brick


• Ginsburg+2023


D. learn.astropy: contributing to open-
source software tutorials


E. Astronomy outreach in the department


• UF Astro Mobile Planetarium (UF AMP)

A B

E



The ALMA CMZ Exploration Survey
Backup Paper IV

The Brick
Sgr B2

Mosaic made by Dan Walker

HNCO peak intensity
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