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molecular cloud cores to global galaxies
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Lp (Ly) = SFR (M, yr ')/ cpm
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Several studies of the Milky Way find that the amount of dense gas (from a column density
threshold or defined by as gas emitting in some high critical density line) is the best
predictor of star formation in a given molecular cloud.
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Connecting with Galactic CS study
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Connecting with Galactic CS study

O |IRAM 30m

pc’)

5
=
3
¥

g Galactic cores
0 -15 2
L'egz-y (K km s~ pc®)

PMO, Zhi-Yu Zhang



log(Lir/Lo )

log(Lg)[Lo)

13

12

1

10

Illlllllllllllllllllllllllllllllllllllllllllllll}_

CS J=7-+6, N = 1.00+ 0.06
Correlation Coefficient: 0.98

log(Lir/Le )

LB LR BRI L R LRI L LR R

p—
Bzooo-
E(ém
"F 2!000-
// ] " " "
e a7 a8 9% 10 10 12
s slope

»
()
o
~l
(o 4]
w0

13

12

11

HCO* J=4-3, N=1.10+0.05 H@//
Correlation Coefficient: 0.96

o e by by by

<=;’.,£
/ Slope
s
% 2000
s 1500
y GC40g9
y $r 8
s ] 1000
Pd Rocse27 =2
// —H— 500
s
s 0
7 .8 1.0 1.2 1.4 1.
P 08 1.0 1.2 6
N | P | | P |

log(L'uco+) [K km s7'pc?]

13

12

1

10

TV TTT VTP RTTT VTPV A [T v v Vv v ATy v v v T v v v v vrr vy

LNL LB LB L L L LB L L L LR B B LB L LB LB B L BB LRI ") LN

HCN J=4-3, N = 1.06+ 0.06 /,’ 13| Bprzo
Correlation Coefficient: 0.98 vy "\ 3
rd
P 4)-% at 5‘\-\

ok

08 0% 10 10 12 13 14

.........

(&)

10

1 1 1 1 1 1 1 1 1 1

5 -1
108(L'cs s7-s) [K Jom 57! pe?]

10



10

log(le) Lo |

All linearly

correlated with

IR luminosity.

log(ncrit [Cm_a])

T T T T Il'
A Wang etal. 2011 &
& ? Y
& _')0 y ~ 'u\ap‘,
CS J=2-1 & 1CS J=5-4 o
N ey - 10} A |
S » Galaxies
Ja €
r K
& = =
4.'0. 3- /E
-\:": P \‘°°. ::'—' =
& ¥, v - g
& ws =
O " 2 sl J
______ Fgeo s Galactic 1
2% Wuetal. 2010 | Wu et al. 2010
J‘ k-
nlr,, | . ) ) i 2 1 1 1 1 1
5 10 5 ., . 10 -2 0 2 4 6 8
10g(Lcg o7-6) [K km 87" pe® 108(L'cs soy-o) [K km 57" pc?]
ol [l v bl o log(L'cs) [K km s7'pc?]
T T T 13 T T ' 1 13€ T T T T T ]
. 3 F /1
e A R i i L HCO* J=4-3, N=1.10+0.05 SOV
Correlation Coefficient: 0.98 E Correlation Coefficient: 0.97 -0' F Correlation Coefficient: 0.96 b
12 1 12F % ]
1 .t 3 i ]
o 1 i 311F g
- P L
K 15 F
\6"\ : \t': : e
R o 3 i@ E 2000 E
10: ] 2 10F 1500 E
1 C GCaqg9
1 r Ve o
) | r s € 1000 / 1]
1 i b e 2 ]
‘.‘ J Q L _: r // 500 ]
PRE ; 1 o 7 o E
| 1 | L ! 1 3 :// | | l 0.8 \.cln 1.2 14 16 ]
5 6 7 Y 8 9 5 6 . 7 8_‘ , 9 5 6 2 8 9
m s”'pc’] log(L'wew) [K km s7'pc] 10g(L'weo+) [K km s7'pc?]
I_ T T T T T T 1 '8
[~ CO, CO,_, CO,_», HCO*,_, HCO*;_, HCN,_.
C HCN, _ 1.6
- a—— A
L e 1.4
- ‘ 2 7-6 HCN 43
3 -l 32 54 -6 HCN 4-
. - * -
1.0~ ‘\{ - —1.0
0.8 * Combined N S~ - —o.8
[ - ]
- O Gsoa hN - ‘% .
0.6 — A GCO8 1 SR —o.se
- @ NO5S - -
0.4 — > BaanO8 — 0.4
C 1 1 1 1 1 1 .
4 S 6 8
Juneau et al. 2009



High-Jd CO--IR Correlation in Local Universe
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CO(5-4) — FIR from Local to High-z
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CO(10-9) — FIR connecting galactic YSOs/protostars to Galaxies
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Submm H;0 and far-Infrared relation in galaxies

- First systematic study of submm H,O emission near and far
Yang et al. 2013/16.
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Yang+2017 A&A
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390hr JCMT-HARP program:

map HCN and HCO+ J=4-3 in 23 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

dense gas vs. star formation relationship down
to gas masses of ~5x10°M_ and scales
~0.2-2.8kpc in other galaxies

Bridge the gap between and Galactic
observations

Resolved dense gas star formation relations
Intermediate scales/luminosities
Different environments: nuclear vs. disk

Radial distribution of dense gas and SF
efficiency
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Tan, Gao, Zhang+2018

Lig vs. L’HCN(4—3)
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The MALATANG Survey: the L, — L, correlation on sub-kiloparsec scale

In six nearby star-forming galaxies
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The dense gas traced by HCN(4-3) and HCO* (4-3) is linearly correlated with

the IR emission on sub-kpc scales.
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Concluding remarks

* Dense Molecular Gas = High Mass Stars
« SFR ~ M(DENSE), linear?! dense gas

* Dense gas tracers (e.g. HCN, CS, HCO+
COJ>3, H20... density >~10%5 cc), linear!

 HI - H2 > DENSE H2 - Stars

Schmidt law : HI(gas reservoir) - Stars X

Kennicutt : Hl(gas reservoir) + H2(fuel ?!)-> Stars X
Gao & Solomon: Dense H2 (fuel !) = Stars

from Cores to High-z: Dense Gas->Massive SF

Hl=gas reservoir (FAST) is an excellent tracer of galaxy interactions:

kinematics/morphology; evolution & environments (not SF). H2 OK
for SF, X-factor? yet dense H2 best (e.g., EAO/JCMT; ALMA/NOEMA)!



