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Check out the paper on 
arxiv!

Behrens et al., accepted to ApJ
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NGC 253: The Prototypical Starburst

d ~ 3.5 Mpc away

1."6
27 pc

GMCs from Leroy et al. (2015)
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NGC 253: The Prototypical Starburst

d ~ 3.5 Mpc away

Nuclear starburst: half 
of total SF occurring in 
central kpc

High kinetic temperatures 
measured (Mangum et al. 2019)

Use ALMA Comprehensive 
High Resolution 
Extragalactic Molecular 
Inventory (ALCHEMI) 
dataset (Martín et al. 2021) 1."6

27 pc

GMCs from Leroy et al. (2015)
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Dominant Heating Mechanisms in Starbursts

What processes are causing the kinetic temp to rise—and what is the source of 
this heating?
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Dominant Heating Mechanisms in Starbursts

What processes are causing the kinetic temp to rise—and what is the source of 
this heating?

Mechanical Heating?

Cosmic-Ray Heating?

How can we differentiate their heating contributions?
Use observations of molecular emission to constrain chemical +
radiative transfer models

Observations: HCN and HNC 1—0, 2—1, 3—2, and 4—3 rotational transitions
Chemical model: UCLCHEM, a two-phase gas-grain chemical modeling code

Radiative Transfer Model: RADEX (via SpectralRadex)

Cosmic Rays II: The Salt of the Star Formation Recipe 9 November 2022



Sampling the Parameter Space
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Sampling the Parameter Space

c
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Sampling the Parameter Space

c

𝜁: 10-16 — 10-10 s-1
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Sampling the Parameter Space
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Sampling the Parameter Space

Use Bayesian nested 
sampling technique via 
UltraNest package
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Sampling the Parameter Space

Use Bayesian nested 
sampling technique via 
UltraNest package

Compare observations and 
models to determine most 
likely parameter 
combinations
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GMC 1

GMC 6
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Center GMCs: 𝜁 ~ 10-12 s-1
Outer GMCs: 𝜁 ~ 10-13 s-1

à agree with Harada+21,
Holdship+21,22

Cosmic Rays II: The Salt of the Star Formation Recipe 9 November 2022



Center GMCs: 𝜁 ~ 10-12 s-1
Outer GMCs: 𝜁 ~ 10-13 s-1

à agree with Harada+21,
Holdship+21,22

Correlation between 
CRIR/density and # of heating 
sources: 𝜌 ~ 0.67/0.60 
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Lower HCN/HNC ratio à higher CRIR
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What does this tell us about heating in a 
starburst environment?

From PDR modeling: predicted CRIR + density 
values yield gas temps of 200-400 K
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What does this tell us about heating in a 
starburst environment?

From PDR modeling: predicted CRIR + density 
values yield gas temps of 200-400 K

à equal to (or higher!) than temps
measured in Mangum et al. (2019)

Cosmic rays ALONE can raise kinetic 
temperatures to measured values

So… what about mechanical heating?
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Primary Takeaways 

Density and CRIR estimated to be ~104—105 cm-3

and ~10-13—10-12 s-1 with order-of-magnitude 
enhancement in central CMZ
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See arXiv for 
details on modeling
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Primary Takeaways 

Density and CRIR estimated to be ~104—105 cm-3

and ~10-13—10-12 s-1 with order-of-magnitude 
enhancement in central CMZ

Cosmic ray heating alone can explain high 
kinetic temperatures without requiring 
additional mechanical heating (though there 
probably is some…)
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See arXiv for 
details on modeling
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