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1, ISM and CO line; s

Phase n [cm ™3] TK] Myt Mg]

atomic (Hi) cold 25 -~ 100  1.5-10°
warm w 0.25 o 8 5 - 10¥

molecular (Hy)

ionized Hir “1:---10* 10000 5-107
diffuse  « 0.03 « 8000 10%

hot ~6-107% «~5.10° 10%

Molecule Transition Aul v | GHz

S d t 2C0 1—0 7.4.107% 111.271203
econ MOS | 2C0 21 7.1-1077  230.538001
13COo 1—0 6.5-107% 110.201370

abundant molecule 13CO 2—1 6.2-1077 220.398714

in the |SM CO C®0 1—0 6.5-107% 109.782182

C180 2 —1 6.2-1077 219.560319



Multi-wavelength Sky

radio continuum (408 MHz)

.

radio continuum (2.5 6Hz)
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Supernova Explosions

Planetary Nebulae Hot Gas:
F hlloreslflencg of én Ht Far-UV and Bubbles, shells,
envelope Ni1, O11, Hf, etc. continuum, & chimneys
Hao, OVI spectral
lines

Diffuse WNM

Hi1 emission
Thermal continuum

HI1 absorption
Cold atomic

H,, CO and other clouds

molecular lines
Dredge up spectral lines

. Molecular Clouds
Metals in the ISM

Masers
Nucleosynthesis

Star Formation



How do we detect the ISM?

Many tracers throughout the E-M spectrum
= Spectral emission lines

< e.g. Ha (optical), HI (radio), CO (millimeters), recombination
lines (H109a in the radio)

= Spectral absorption lines
<+ e.g. Hl, Ca, Na, Fe
«= Thermal continuum emission

< e.g. PAH emission (12um), HIl regions (radio, infrared, optical,
millimeter, ...), hot, diffuse plasma (Xray)

«= Nonthermal continuum emission

< e.g. synchrotron emission from the magnetoionic medium
«= Absorption and Scattering

< e.g. dust grains (Xray, UV, optical)
= Reflection

< e.g. dust grains (optical light)
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The Most Easily Observed Molecules in Space

e CO = Carbon Monoxide - Radio emission

The Most Common Molecule in Space:

» H, = Molecular Hydrogen =» can be detected by far ultraviolet
absorption and emission:

- very difficult to observe.

But: Where there’s H,, there’s also CO - cloud may contain
only 1 CO per 10,000 H, -- enough to see them;

Use CO as a tracer for H, in the ISM.
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CfA survey Dame et al. 2001

13CO Galactic Ring Survey (46” resolution) www.bu.edu/galacticring

e CO emission lines show molecular cloud complexes.
 Stars apparently form in these dense regions.



CO survey | A

Telescope: PMO-13.7m at Delingha

Resolution: 50-55"
Receliver: 3x3
Sensitivity: 60 K (SSB)

Spectrometers: 18x 1GHz, 16384ch
Spectral Resolution: 61 kHz (0.17km/s -
@ 110 GHz

Velocity Coverage: 2700 km/s 7
Line Probes: 12CO/13CO/C8O

(J=1-0) 97°33'.6E
Line Sensitivity:  0.3-0.5 K by OTF 37°22'.4N
Sky Coverage:  15°x20°/yr 3200 m

PWV =3mm@winter

A color (multi-lines) survey is feasible !
=> Color Image as a Scroll Painting




(a) Basic calibration;

(b)Bad channel rejection, speed
correction, efficiency
correction, position

correction, = data quality
29 check;
n O
G S
e (c) Regrid, baseline fitting, data
*(;3 sum = Observation
E’ % assistant manually checks
Q © whether the data quality is
5O OK;

Galactic longitude
91 pixels (=45.5 ")

(d)If the baseline is not good
and other bugs exist, manual
inspection will intervene;

A large-scale, unbiased, and high-sensitivity triple-CO isotope line survey
along the northern Galactic plane with unprecedented high-quality.

Many systematic scientific studies have been done based on MWISP.



; Milky Way Imaging Scroll Painting, MWISP//S&

 What is the content, general physics of MCs in our
Milky Way?

 What is internal structural of MCs (cores and clumps)
and its fragmentation process to star formation?

« How does the cloud evolution proceed over the time?
What is the dynamic state of MCs and its governing
processes?

« What kind of role the molecular gas play in Galactic
dynamic processes, such as bubbles, SN explosion and
other high-energy process?



Milky Way Imaging Scroll Painting, MWISP//_&

* Discovery of new MCs and study on large-scale physical
and chemical properties;

o Statistic distribution of MCs. sub-structures in different
Galactic environment;

- Dynamical signatures of star forming processes, such
as infall and outflow;

* New components and structures of our Milky Way as
well as its motions: dynamical Interactions between
MCs and other stellar components, such as bubbles,
SNRs, PNs, HIl regions, clusters, & CRs.
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Case 1: SNRIC443 =~

SNR IC 443

d~1.6 kpc
R~16'—26’
OH maser
PWN (2’'%1’)
G189.22+2.90
(JO617+2221)

8 Fesen et al.1980
N Frail et al. 1996
S Rho et al. 2001
S Gaensler et al. 2006
# Castelletti et al. 2011




Declination

Shocked gas towards the SNR (-50 to -9
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* A, The Spectral line (profile, line ratio, PV

map, ...)
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* B, The Spectral line (profile, line ratio, PV

map, ...)
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) Case 1: SNRIC443 A&

SNR 1€443: Intensity map in -6 to -1 km/s (12CO+13CO)
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Declination

Case 1: SNRIC443 &

SNR |C443 13CO velocity distribution

23°00'00.0" -

22°30'00.0" H.

22°00'00.0" -

i#"

10

; it M

6"20™0.0°

1870.0° 1670.0° 1470.0° -
Right Ascension Su et al. 2014, ApJ



Declination

S

23°00'00.0"

22°30'00.0"

1500

1000

500

| : - I , l

6"20™0.0°

1870.0° 1670.0° 1470.0° .
Right Ascension Su et al. 2014, ApJ



CO1-0line .~

Ti? = 5.53
0 [85

s 7 — 0.148](1 —e™™)

Ty® = 5.29] gag7— — 0.164](1 —e™™)

where To'? and To'3 is the peak radiation temperature of 2CO (1-0) and
13CO (1-0), respectively, and v is the optical depth;

Exitation temperature (for Boltzmann population):

T 5.93
= In[1+5.53/(T}%+0.82)]
‘ T13
13 _ - 0
T = 111 |:1 - é.i)g/(e:j_';’g/'rox . 1) - O,87:|




Case 2: Is HESS J1912+101 Associated A
with an Old SNR? i

J} 5.0 =
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* No clear counterpart in multi-wavelength
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Case 2: Is HESS J1912+101 Associated A
A\\Y

with an Old SNR?

8 | Blue: 12CO (1-0)
. Green: 13CO (1+0)
Wl : Red: C180 (1-0)
o: Shocked Cloubs

HESS J1912+101

...............................................................................................................

45.5 45.0 44.5 44.0 43.5
Galactic Longitude (degree)

/

The shell-like TeV
emission is from
the decay of
neutral pions
produced by
interactions
between an old
SNR at 4.1 kpc and
the surrounding
dense MCs at 60
km/s. PSR
J1913+1011 is
related to the SNR
due to their
comparable ages
and distances.

Su etal. 2017, ApJ



Case 2: Is HESS J1912+101 Associated A
with an Old SNR? Lk
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1, A series of evidence show that
1LHAASO J0428+5531 is associated with
the old SNR G150.3+4.5, including

(a) the spatial coincidence between them,
(b) the SED fitting of the SNR model,

(c) the convincing scenario of SNR-MCs
interaction;

2, The SNR is interacting with the
surrounding dense MCs based on the
remarkable morphological and kinematic
features of the molecular gas from the
MWISP data;

3, SNR G150.3+4.5 with an age of 1074
yr is located at about 740\pm50 pc based
on the Gaia data;

4, The VHE emission of 1LHAASO
J0428+5531 almost certainly comes from
the hadronic origin;
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Case 3: SNR G150.3+4.5 /&
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Case4: MCsvs. SFR A&

 High—energy sources are related to surrounding MCs;

Gray scale (0.9’) Red contours (HPBW=4.3’)

[— . . | ' ' A ' ‘ ' T : u ]
+,13CO intensity map + 11cm_ radio: contours o« 8 >

4.0 e PSR e ................ — G g ............ 0 ettt .................... .. A h " ¥ - ..... "
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Su et al. 2019, ApJS



Case 4: SS 433/W50 /&
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A Receding gas at
Visz~ 73-77 km/s

Position

Velocity
SS 433/W50

Vs~ 77£5km/s & d,=4.9+ 0.4 kpc

Velocity

F—

Position

Approaching gas at

Atomic Gas Wall ' V iz~ 77-84 km/s

Case 4: SS 433/W50 /&

Evidence:

Spatial coincidence +
Kinematic features +
Anti-symmetry

Complements:

Velocity of Optical +
atomic + MCs

Other methods:

Proper motions of the
radio jets/knots

= 4.5—5.5 kpc

The MCs are located
at ~400 pc below the
GP!

=> Is it universal?

. i
“Su et al. 2018, Ap..(
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Galactic Latitude (Degree)
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Case 6: Galactic structures #&

A (K Deg)

vvvvvvvv

I 12C0 in b=[-1.5,+1.5] deg [>5

- CO Surv
- HI Surve

o

0

Galactic Longitude (Degree)

CcoO eissioh near the terminal
velocity can avoid the distance
ambiguity within the solar circle.
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Background: 21 cm emission of the Milky Way

Scale height of 280 pc for the
thick molecular gas disk (total
mass of 9e7 Msun)
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Su etal. 2021, ApJ
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The 3-kpc Ring is probably related to the GC
super bubble and/or the Galactic bar potential;

Surface Density of the thick disk=0.4 Msun/pc?*2 = 1% of the Baryons
Volume Density of the thick disk=0.0014 Msun/pc?3 or 0.02H,/cm*3 =>»
4%

Su et al. 2021, ApJ
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Case 6: Galactic structures #&

Crater-walls Fermi bubbles & Warm Gas
CRs

3-kpc Arm Entrained MCs Atomic and Molecular Disk

Intermittent nuclear activities of the Milky Way in the recent
3-6 Myr have a significant impact on the gaseous disk

X

Suetal. 2022, ApJ



Case 6: Galactic structures #&
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Case 6: Galactic structures /&
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Case 6: Galactic structures /&

1, We reveal the large-scale gas
inflows connecting the CMZ and
the 3-kpc ring;

2, MCs are moving towards the
CMZ based on bow-like, bright-
edged MCs heading towards the
GC, the corresponding wide CO
broadening and the large-scale
velocity gradient;

» 3, The parameters of the gas bar
are well constrained;

R;,,=8.15 kpc
4, The average gas inflow rate
toward the Galactic is roughly
comparable to the outflow’s rate
from the Galactic nuclear winds;
Sun

Suetal 2024, ApJL



M82 @ 4 Mpc

G: Hubble




4) S ummary, /&

CO is a good tracer of molecular gas in the Milky Way;

MWISP is a multi-tracer molecular-line survey along the
northern Galactic plane with unprecedented high-quality
(high sensitivity, high-frequency spectral resolution, and
complete sampling with large sky area coverage).

The MWISP survey will also provide indispensable
support for millimeter-wave molecular data for multi-band

collaborative research between various bands, e.g.,
FAST, LHAASO, WFST, CSST, etc.

Many studies will benefit for the MWISP survey such as
structures of the Milky Way, and some special cases
(SNR-MCs, and other dynamic processes).



Multi-wavelength Sky

radio continuum (408 MHz)

.

radio continuum (2.5 6Hz)
A s

. "







MWISP CO Data

T FH IO -
http://www.radioast.csdb.cn/
shujuzhengce.php

5 (T i -
http.//www.dlh.pmo.cas.cn/xzzq/sqb/
dlhproposal@pmo.ac.cn
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