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

CORE(+extension)

NOEMA/IRAM 30m large program

PI: Henrik Beuther

20(+2) high-mass star-forming regions
1.4 mm / few 1000 au scales
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions

CORE(+extension)
NOEMA/IRAM 30m large program core fragmentation: Beuther+2018, 2022
PI: Henrik Beuther disk stability: Anmadi+2018, 2019, 2023

20(+2) high-mass star-forming regions

1.4 mm / few 1000 au scales physical-chemical properties: Gieser+2019, 2021, 2022
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions

CORE(+extension)

NOEMA/IRAM 30m large program

PI: Henrik Beuther

20(+2) high-mass star-forming regions

core fragmentation: Beuther+2018, 2022
disk stability: Ahmadi+2018, 2019, 2023

1.4 mm / few 1000 au scales physical-chemical properties: Gieser+2019, 2021, 2022
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions

CORE(+extension)

NOEMA/IRAM 30m large program

PI: Henrik Beuther

20(+2) high-mass star-forming regions

core fragmentation: Beuther+2018, 2022
disk stability: Ahmadi+2018, 2019, 2023

1.4 mm / few 1000 au scales physical-chemical properties: Gieser+2019, 2021, 2022
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the physical-chemical properties of protostellar cores
in high-mass star-forming regions

statistical analysis of 22 star-forming cores in the CORE sample

Gieser+2021



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

statistical analysis of 22 star-forming cores in the CORE sample

T(r) = Tiy % (L)_q
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Count

temperature index q

Gieser+2021



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

statistical analysis of 22 star-forming cores in the CORE sample
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions
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the physical-chemical properties of protostellar cores
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gas-phase molecular column densities: radiative transer modeling with XCLASS (Mdller+2017)

In high-mass star-forming regions

Ts (K) (K)

Ts (K)

D

0

N

HCNp,co

OCSs

C®0

CH;OH

SO

3CO CHiCN

40
30
20
10

IIILIIIIIII[HII[IIIIII

T T T
IRAS %3033

I

H2CO CH.,0H H.CO
T T T T I T T T

T

I T

IENRRRRNARNNRANNNANRNNEi]

0

1 1 I 1

40
20

T{TTTTTTTITT T T

T T
IRAS 43033

0

30
20
10

T T T
IRAS 53033

II,IIIIlIIIIlIIIII

0

11 IIlIIIIlIIIIlII RN

219.5

220.5

Gieser+2021



5 (J2000)

the physical-chemical properties of protostellar cores
In high-mass star-forming regions
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gas-phase molecular column densities: radiative transer modeling with XCLASS (Mdller+2017)

physical-chemical modeling with MUSCLE (Gerner+2014,2015)
including the time-dependent gas-grain chemical network ALCHEMIC (Semenov+2010)

. chemical timescale for each core Gleser+2021
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the physical-chemical properties of protostellar cores
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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) HIl Region

Gieser+2023a



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

ALMA program
Pl: Caroline Gieser

11 high-mass star-forming regions
3 spectral setups @ 3 mm / few 1000 au scales

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) HIl Region

Gieser+2023a



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

ALMA program

PI. Caroline Gieser

11 high-mass star-forming regions

3 spectral setups @ 3 mm / few 1000 au scales

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) HIl Region
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions

ALMA program

PI. Caroline Gieser

11 high-mass star-forming regions

3 spectral setups @ 3 mm / few 1000 au scales

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

statistical analysis of 31 star-forming cores in the ALMA sample
Infrared Dark Cloud (IRDC) - High-Mass Protostellar Object (HMPO) - Hot Molecular Core (HMC) - Ultra-Compact (UC) HIl Region
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the physical-chemical properties of protostellar cores
In high-mass star-forming regions
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looking for a PhD position!

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

Bottinger in prep.



The cold and warm material probed with NOEMA and JWST
Joys JIRAS 23385

JWST GTO program with MIRI MRS
PI: Ewine van Dishoeck
MIRI-MRS
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The cold and warm material probed with NOEMA and JWST
Joys JIRAS 23385
JWST GTO program with MIRI MRS
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The cold and warm material probed with NOEMA and JWST
Jovys JIRAS 23385
JWST GTO program with MIRI MRS E
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The cold and warm material probed with NOEMA and JWST

JOYS

JWST GTO program with MIRI MRS
PI: Ewine van Dishoeck

MIRI-MRS
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The cold and warm material probed with NOEMA and JWST

JOYS

JWST GTO program with MIRI MRS
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Complex ice composition revealed by JWST

JOYS . i i

JWST GTO program with MIRI MRS IRAS_18(_)89. A high-mass protostellar object (HMPO)
PI: Ewine van Dishoeck evolving into a hot molecular core (HMC)

MIRI-MRS

~30 protostellar systems

ALMA Cycle 6 program

Pl: Caroline Gieser

11 high-mass star-forming regions

3 spectral setups @ 3 mm / few 1000 au scales
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Complex ice composition revealed by JWST

JOYsS | IRAS 18089: A high-mass protostellar object (HMPO)
JWST GTO program with MIRI MRS . .
PI: Ewine van Dishoeck evolving into a hot molecular core (HMC)
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Isolated low-mass protostars?

ALMA long baseline
continuum data:
wide binary system?

. Streamer? r
- L1448 IRS3A

L

L1448 IRS3B
1.0" (288.0 au) [}

Reynolds+2021

0bin+2016,2018,Reynolds+2021,2024, Looney+2025



Isolated low-mass protostars? DCN (3-2)

PRODIGE

Pl. Paola Caselli & Thomas Henning
NOEMA

1mm at 300 au resolution
30 protostellar systems in the Perseus molecular cloud
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Continued infall from the environment through streamers ?

ANTIHEROES

PI: Caroline Gieser

IRAM 30m telescope large program

1mm at 3000 au resolution

30 protostellar systems in the Perseus molecular cloud
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Continued infall from the environment through streamers ?

| ALMA Perseus

IRS3CHG |  Polarization Survey
| (ALPPS)

Cortes+2025

IRS3-ALMA g

Reynolds+2021

Gieser+in prep.



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

i Tee HMCG9.62+0.19

- (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

& (J2000)

- 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) HIl Region

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