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with thanks to Andy Rigby (Cardiff) for the slides!
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What impact does Galactic
environment have upon star
formation?

The SFE in the Central Molecular
Zone (CMZ) appears to be lower
by an order of magnitude than
predicted by the volume &
column density SF thresholds

Y (e.g. chglugmore et al. 2013).

How does star formation differ in
~ the bar-dominated region?

~ What role do the spiral arms play

- in star formation? If they trigger

- star formation, we should expect

to see an enhanced SFE
“associated with them.

Do we see any systematic
changes with increasing
Galactocentric distance?



High-spatial resolution studies in nearby galaxies

The spatial resolutions now
achievable with interferometer
facilities are now enabling
studies on ~10s pc scales to
study environmental
conditions within more nearby
galaxies.

e.g. PAWS (Schinnerer et al.
2013) with PdBI (now
NOEMA), 17 -> 40 pc
resolution in M51.

PHANGS-ALMA (PI:
Schinnerer)
84 IS now extending these

. studies to 74 nearby galaxies

| . a . ”
PAWS: Schinnerer eiﬁl., (2013)§ at 1”.

For the foreseeable future, only the Milky Way (& LMC/SMC) can
be studied on scales below ~10 pc...



Surveys of the Milky Way

Dame et al. (2001) 12C0O (1-0), resolution ~(1/8)°
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JCMT 15m, 157,

B 0.5km/s, 0 ~0.6 K
i ; : 13CO & C180 J=3-2
COHRS: Dempsey+ (2013)
JCMT 15m, 157,
1km/s,o~1K
12CO 3-2
GRS: Jackson+ (2006)
FCRAO 14m, 46”

0.21 km/s, 0 ~0.1 K
13CO 1-0

Sub-arcmin CO SUF\?@VE‘:QHT the Galactic Plane chmes: Rigby+ (2016)

FUGIN: Umemoto+ (2017)
NRO 45m,

1.0km/s, 0~1K

12CO 13CO C180 1-0, 15~

MWISP: Yang Su+ (2019)

12CO 13CO C180 1-0; 50~

SEDIGISM: Schuller+ (2017)
OGHRES: Koénig+ (in prep)
COCA: (PI: Yeh)

13CQO 2-1 + (some 4-3) 29”

ThrUMMS: Barnes+ (2015)
CHaMP: Barnes+ (in prep)
CO 1-0 x 3; 35”

Forgotten Quadrant Survey:
KP 12m Benedettini+ (2017)
12C0O 13CO 1-0 56”




The Galactic Ring Survey
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The Galactic Ring Survey

—a

Golqctic Latitude
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Roman-Duval et al. (2010)
measured the surface
density of molecular
clouds, with a sharp
decline as a function of
Galactocentric radius.
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Roman-Duval et al. (2010)
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The Galactic Ring Survey
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Roman-Duval et al. (2010) also
measured the decline in gas
temperature with Galactocentric
radius.

Decline in heating due to
cosmic ray flux (SNe) and
interstellar radiation field from a
decreasing SFR.

Individual star-forming regions
can dominate in these metrics.



(Galactic Longitude

Sub/millimetre o APEX 12 m, LABOCA,

- - 19.27 @ 870 um
el QOU m_urv—eysﬁ B > BGPS: Aguirre+ (2011)

S “ ,.,-—f" 1‘1_ | | e e 1?:.-_1& " ' CSO 104 m. BOIocam
=% R/ 33" @1.1 mm

o

JPS: Moore+ (2015)
JCMT 15 m, SCUBA-2
157 @ 850 um (also 450 um)

~~ GASTON: Rigby+ (in prep.)
- ...IRAM 30 m, NIKA2,

60° Ve > WL e B st -
/ . Ve L - 127@1.2mm, 18" @ 2.0 mm
' ~ -;_ A‘ \ &E 3 ' 1 ' , \

. SASSy: Nettke+ (2017)
~ JCMT 15m, SCUBA-2
______ - 15”7 @ 850 um (also 450 um)
SASSy-Perseus: Pl: Thompson
JCMT 15 m, SCUBA-2
15” @ 850 um (also 450 um)
H| GAL: Molinari+ (2016) 5
: Herschel 3.5 m, PACS & SPIRE

{ 6"-36” @ 70-500 pm

: Planck: Early results. XXIII
: Planck 3.5 m, HFI

1 : 5’—31 @ 350 um — 3mm .
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Andrew J. Risby — Linking the Mil&y Way and/Nearby Galaxies — 05/06/2019 :




Galactic Longi’tude

CHIMPS The CO Heterodyne IN I\/I|Iky Way Plane Survey
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B What role does the Galactic
e E T environment play in star
formation?

JCMT (15m)
- BCO & C180, J =3-2
« 15 arcsec angular resolution

« 0.5 km/s velocity channels
« 27.5° <1< 46.5° |b| < 0.5°

Traces dense (ish) gas, with a
critical density of the 3-2
transition ~ 104 cm-3 (compared
to ~103 cm-3 for 1-0).

Rare isotopologues have lower
optical depths — cloud interiors

GRS (1°CO 1-0)— B e Survey description & first look in
COHRS (12C0 3-2) <\ X i/t e Rigby et al. (2016)

CHIMPS (13C0O/C180 3-2) B
FUGIN (2CO/13CO/C180 1-0) /
30,000 ly
150° | 210°

180°



CHIMPS: The CO Heterodyne in Milky Way Plane Survey
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CHIMPS: The CO Heterodyne in Milky Way Plane Survey
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Distance determinations
4999 sources identified with FellWalker (Berry 2015).

Kinematic distances to adopted 94% of these using the Reid et al. (2016) rotation curve,

with distance ambiguity resolved by |, b, v association with literature sources

- ATLASGAL (Urquhart et al. 2018, Wienen et al. 2015), BGPS (Ellsworth-Bowers et al.
2015, Eden et al. 2012, 2013), and GRS (Roman-Duval et al. (2009)

Bl Sagittarius BN Aquila Spur
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Rigby et al. (A&A, subm.)



Frabability density

Praobability density

Probability density

Rigby et al. (A&A, in press)
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GRS molecular clouds

(Urquhart et al. 2018) (Roman-Duval et al. 2010)

LTE analysis determined in
conjunction COHRS (12CO
3-2 @ 16”) and GRS (13CO
1-0 @ 467)
-> cubes of column
density & excitation
temperature @ 27"

In terms of mass, size &
density, CHIMPS clumps
appear to trace an
Intermediate phase
between molecular
clouds and dense
clumps.

Only exception in virial
parameters. A greater
fraction of the CHIMPS
clumps appear to be
gravitationally unbound.



Radial variations in clump properties?

Rigby et al. (A&A, subm.) Trendlines: averages within 0.5 kpc bins

— = Full sample
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Radial variations in clump properties?

Rigby et al. (A&A, subm.) Trendlines: averages within 0.5 kpc bins

— = Full sample

These properties do not appear to have any substantial systematic variation
as a function of Galactocentric distance.

Mean column density and excitation temperature are the best candidates
(decreased shielding from ISRF?).

The variation in the properties in any individual radial bin (or any group of
sources) is very large, and appears to dominate over any Galactocentric
variation.




Radial variations In star formation efficiency?
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oo Sarlet o : ® Full sample
Rigby (2016) - ° O Mass complete

'.
° L]

logyo(L70/Misco [LeM

Galactocentric distance [kpc]

L70 / M gives us a distance-independent proxy for the star formation efficiency.

When considering a mass-complete sample, we don’'t see much variation over
the ~6 kpc range in Rgc probed.

The largest variations occur on the clump-to-clump scale, similar to that seen in
GMCs (Moore et al. 2012), clump formation efficiencies (Eden et al. 2015), star
formation fractions (Ragan et al. 2016), Loo/M for clump complexes (Urquhart et al.

2018).




Ga|actic0LoongitC H I M PSQ

lll

JCMT Large Programme
- now underway ~400 hrs
\\,__approx. 60% complete

I\/Iore environments:

9 éentral Molecular Zone
e Outer Galaxy

6 Bar-dominated region

60°

.Ihcludes 12C0O (3-2) in
""a'reas not covered by

90" ——— S i o P 'T’“‘j =r0°

..Limited 13CO (3-2) so
far due to historically bad
2018 weather at JCMT.
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CHIMPS2

Galactic Centre

Galactic Latitude
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Galactic Latitude
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SCIMES dendrogram analysis of a section of the CHIMPS data: Rani et al in prep
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Summary

« CO GP surveys give us the molecular gas spatial distribution, cloud physical
properties and, in combination with continuum data, estimates of SFE, dense gas
mass fraction, etc., & relationships between these. Also potentially the flow of
gas through the disc, bar and CMZ

» Work done to date finds little change in fraction of dense gas in clouds or star
formation in dense clumps related to spiral arms or position in the disc.

- Variations in L70/M, an analogue of the star formation efficiency, and in the DGMF,
from cloud to cloud dwarf any systematic changes with environment.

- CHIMPS2 and other surveys are extending these analyses into new
environments, with the Galactic Centre and Outer Galaxy, in addition to
extending the Inner Galaxy to include the bar-dominated region.



