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M OTlVATl O N Which phases of gas are directly connected to star foramtion?
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M OTlVATl O N Whether dense gas forms stars is sensitive to the local environment?
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(see also Usero et al. 2015)

» The conditions in a galaxy disk set the gas density distribution and that the dense gas traced by

HCN shows an environment-dependent relation to star formation



MOTIVATION

Slope of log(Lir)-log(L'gas) vs. molecular line critical densities

How the gas properties affect their ability to form stars?
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« JCMT Large Program — M16AL007 & M20AL022 (~40% complete)
* Pls: Yu Gao, Zhiyu Zhang, Thomas Greve

« A 400+400 hours (band 3 to 4) campaign on the JCMT using
the HARP array to map HCN & HCO* J=4-3 in 28 of the nearest
and IR-brightest galaxies beyond the local group

« First attempt at systematically map the distribution of dense
gas out to large galactocentric distances in a statistically
significant sample

SCIENCE GOALS

» Resolved dense gas star formation relations

HCO* J=4-3, N=1.10+0.05 > s
Correlation Coefficient: 0.96

Intermediate scales/luminosities

Different environments: nuclear vs. disk

Radial distribution of dense gas and SF efficiency

log(Lg) [Lo]
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Dense gas excitation as a function of environment
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SAMPLE & OBSERVATIONS
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The MALATANG Survey:

the Lgas-L g correlation on sub-kpc

scale in six nearby star-forming galaxies (Tan et al. 2018)
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The MALATANG Survey: the Lgas-Lg correlation on sub-kpc
scale in six nearby star-forming galaxies (Tan et al. 2018)
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» The mean Lr/Lynse ratio appears to vary little across the whole population of sample galaxies
» Significant scatter in Lr/Lgense ratio (~0.36 dex for whole galaxies)

» Lir/Lgense iNcreases with L g for individual spatially resolved galalxies



Dec. (J2000)

The MALATANG Survey: dense gas and star formation from
high transition HCN and HCO* maps of NGC 253 yiang et al. 2020)
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high-J HCN and HCO+
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The MALATANG Survey: dense gas and star formation in NGC
1068 (Lin et al. 2022, submitted)
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The relationship between SFEy..s. and [Cl] excitation
(Jiao et al., in prep.)
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DEC (J2000)

The relationships between dense gas, infrared emission, and
radio conitnuum on sub-kpc scale in galaxies (Tan et al. in prep.)
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DEC (J2000)

DEC (J2000)

The relationships between dense gas, infrared emission, and
radio conitnuum on sub-kpc scale in galaxies (Tan etal. in prep.)
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The relationships between dense gas, infrared emission, and
radio conitnuum on sub-kpc scale in galaxies (Tan et al. in prep.)
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SUMMARY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

* Dense gas and star formation in spatially resolved galaxies at sub-kpc scale
- linear correlation, extend the relaiton to an intermediate luminosity regime
- systematic variations of SFE 4., with Lz within individual galaxies

Detailed studies on NGC 253 and NGC 1068

- SFEgense traced by high-J HCN/HCO* increases with higher stellar surface density, inconsistent with the results
based on HCN J=1-

The relationship between SFE.s and [Cl] excitaiton

Relationships between dense gas, star formation, and radio continuum
- tight correlation between dense gas and RC

- arising trend for IR/RC as a function of SFEgense, IR-RC relation may have a dependency on the local
environment

FOLLOW-UP PLANS

* Observations * Modelling:
- JCMT SCUBA-2 & HCN/HCO+ J=3-2 - LVG & PDR modelling of SF regions
- High resolution SMA/ALMA maps - reproducing observed relations and line
- Herschel archive: high-J CO, [CI] data ratio

APEX high-J HCN/HCO+/CS lines

Thank you!



