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the physical-chemical properties of protostellar cores 
in high-mass star-forming regions

How do the physical-chemical properties evolve during the entire evolutionary sequence of high-mass star formation?
Infrared Dark Cloud (IRDC)→ High-Mass Protostellar Object (HMPO) → Hot Molecular Core (HMC) → Ultra-Compact (UC) HII Region

ALMA 3mm
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the physical-chemical properties of protostellar cores 
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Infrared Dark Cloud (IRDC)→ High-Mass Protostellar Object (HMPO) → Hot Molecular Core (HMC) → Ultra-Compact (UC) HII Region
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statistical analysis of 31 star-forming cores in the ALMA sample



  

the physical-chemical properties of protostellar cores 
in high-mass star-forming regions

full analysis of the chemical inventory of the entire sample of 11 high-mass star-forming regions:
Master’s thesis project by Sarah Böttinger
next step: physical-chemical modeling of the sample

Sarah Böttinger
sarah.boettinger@stud.uni-heidelberg.de

looking for a PhD position!

Böttinger in prep.
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The cold and warm material probed with NOEMA and JWST
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evolving into a hot molecular core (HMC)
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Isolated low-mass protostars?

Tobin+2016,2018,Reynolds+2021,2024, Looney+2025

L1448 IRS3A

L1448 IRS3B

Reynolds+2021

ALMA long baseline 
continuum data:

wide binary system?
streamer?



  

Isolated low-mass protostars?
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PRODIGE
PI: Paola Caselli & Thomas Henning
NOEMA
1mm at 300 au resolution
30 protostellar systems in the Perseus molecular cloud

NOEMA
molecular line data:

a gas bridge!

infall motions onto IRS3A:
a double streamer

L1448 IRS3A

L1448 IRS3B

Pineda+2023

DCN (3-2)



  

Continued infall from the environment through streamers ?

Gieser+2025

ANTIHEROES
PI: Caroline Gieser
IRAM 30m telescope large program
1mm at 3000 au resolution
30 protostellar systems in the Perseus molecular cloud



  Gieser+in prep.

Continued infall from the environment through streamers ?

L1448 IRS3A

L1448 IRS3B

Reynolds+2021

ALMA Perseus 
Polarization Survey
(ALPPS)
Cortes+2025



  

Conclusions: Using physics and chemistry to probe high-mass
protostellar cores

- (sub)mm interferometers NOEMA and ALMA:
probe protostellar cores (<0.1 pc in size)
in high-mass star-forming regions

- complementary JWST observations in the IR:
warm and hot material + ices

- combining the observed physical-chemical 
properties with modeling 
→ chemical timescales
→ constraints on the evolution of high-mass star-forming cores

Infrared Dark Cloud (IRDC)→ High-Mass Protostellar Object (HMPO) → Hot Molecular Core (HMC) → Ultra-Compact (UC) HII Region

Splinter Session on Thursday + Friday:
Star Formation across Scales: Synthesizing Local and Global Perspectives
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