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Star-Forming Regions



LOW MASS STAR FORMATION

Figure 1. Ginsburg,A. (2024)
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The majority of our detailed
understanding of star formation

comes from observations of small,
nearby clouds.



HIGH MASS STAR FORMATION

Figure 2. Purcell,C. (2006)
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Initial Mass Function



Figure 3. Ginsburg,A. (2024)

IN IT IAL  MASS FUNCTION
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PROPOSED/FUTURE TELESCOPES
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How does the IMF (initial mass function) change, and what
controls its changes?

1.

2. What controls the rate of star formation in galaxies?
3.When and how do planets form?

4. How does the grouping of stars affect each of these processes?

Figure 4. Bovino,S. (2024)
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ALMA IMF - G327.29



ALMA IMF LARGE PROGRAM

F.Motte

A.M. Stutz
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STAR-FORMING REGIONS

Figure 5. Ginsburg,A. (2024)

Video 1. Ginsburg,A. (2024)
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MOLECULAR TRACING

Table 1. Yamamoto, S. (2017)

Ammonia Dyazenylium

N₂H⁺ ion is key in protocluster studies, tracing
dense, cold gas in star formation areas. Resistant to
freezing and stellar radiation, it reveals early-stage

star formation dynamics and chemistry.

Table 2. Motte et al. (2018)
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Methodology N2H+
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DYAZENYLIUM N₂H ⁺

Figure 6. Caselli et al. (1995)

Figure 7. Caselli et al. (1995)

HIPERFINE STRUCTURE OF N₂H ⁺ I SOLATED
COMPONENT
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THE P-V  D IAGRAM

Figure 8. Lobos et al. (2019)

COLUMN DENSITY

Figure 9. Garrido, N. (2024)
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ONE COMPONENT SPECTRUM

Video 3. Spectral Axis

Figure 10. Spectrum for one component Figure 11. Data Cube. Ibraheem , I. (2015). 
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MOMENTUM ANALYSIS

Figure 12. Moment Zero Figure 13. Signal to Noise
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MOMENTUM ANALYSIS I I

Figure 14. Moment One Figure 15. Moment Two
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FIT  ONE COMPONENT

Figure 17. Chi Square

Figure 16. Fit Spectrum

FIT  DATA CUBE
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MWYDYN
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The Bayesian Information Criterion (BIC) is a metric used
for model selection in statistics and machine learning

that balances model fit quality with model complexity. 

Figure 18. Summary of MWYDYN



Figure 26. Fit Spectrum

FIT  TWO COMPONENT

Figure 20. Two Velocity Components
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Figure 19. BIC



Figure 21. P-V Diagram one and two components of N₂H⁺

P-V D IAGRAM
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VELOCITY D ISTRIBUTION
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Figure 22. Distributions of components of N₂H⁺
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WORK IN  PROGRESS
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Conclusions 
The gas in G327.29 is concentrated in dense

structures, traced effectively using N₂H⁺, ideal
for early star formation studies.

Velocity analysis shows multiple components,
indicating dynamic interactions like

gravitational collapse and accretion flows.

Bayesian models helped identify key gas
motions, such as turbulence, shaping massive

star formation.

Use an autoencoder to extract the physical
parameters of the cloud, enabling a more efficient and

detailed analysis of the data.

Compare N₂H⁺ observations with other molecular
tracers, such as NH₃ or CO, to validate and

complement the findings.

Complete a comprehensive morphological analysis of
N₂H⁺ to better understand its role in early star

formation.
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