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What is the NANTEN2 project ?

Purpose : Investigate distributions, structure,

dynamics, and chemistry of the ISM in the Milky Way and
nearby galaxies

HoWw : Multi line observations in CO and Cl
- 100GHz : CO(J=1-0)
- 200GHz : CO(J=2-1)

- 500GHz : CO(J=4-3), CI(P,-3P,)
- 800GHz : '2CO(J=7-6), '3CO(J=8-7), CI(’P,-3P))
can trace density and temperature of gas and star forming PDR regions

International collaboration

K3 Nagoya U., Osaka Prefecture U.
=== Universitat zu Koln, Universitat Bonn

"> The University of New South Wales, Sydney, Macquarie and so on
‘™ Universidad de Chile Seoul National U.
4+ Swiss Federal Institute of Technology Zurich
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2004.8: Move to Pamba_IaBola from Las Campansobsatory
2005.9: First light in mm

2006.4: First light in Sub mm
2007.10: Start remote observations

2009.4: Installation of SMART



NANTEN?2 Site (Chile; Pampa la bola)

NANTENZ (al. 4s65m)

TOr (at. 2700m
SEQUITOT (. 2700m ~ 1.5 hours by car

Always a few people
staff and PhD students
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Instruments

Recelver

e 100 (110-115) GHz: 1 pixel, DSB

® VDI LO chain (installed in 2012 April)
® 4-12 GHz IF
¢!2CO(1-0) and 3CO(1-0) simultaneously
e Replaced with 200 GHz RX 1in 2013 Apr.

}

: - o ;s A
g -0 !
i3 ~ F ¥y

; -

Spectrometers Nagoya receiver
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Main dish

Sub-ref
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Nagoya receiver

How to observe (100GHz)

Tareas: NANTEN2 operating console (GUI)

Standard OTF parameters

X-Scan

;

1deg = 60 grid

ldeg

Y-Scan

Integ. Time = 0.6 s/grid



Data reduction (100GHz)

1. Temperature calibration (Chopper wheel method)
2. Intensity calibration
. Basket weaving method
3. Doppler correction
) o X scan Y scan
4. Baseline fitting
5. Basket weaving* o “&e| wn |g
6. Baseline fitting .
7. Transforming data into 3D cube (fits) :
'S, F
Raw data Finaldata | . 1
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Emerson & Graeve (1988)'



NAnten Super CO survey as Legacy (NASCO)

All-sky survey era: Why don’t we make a CO map ?

What is NASCO ? ¢ Expected outcomes :

* Brand new CO legacy survey with high * understanding of foreground emission
angular resolution with huge coverage of CMB

¢ in 12CO, 13CO and C'#0O (J=1-0) lines - Comparative study with gamma-ray

e Collaboration with the Planck team telescopes

* High sensitivity atlas of Galactic high
mass star forming region

Image: Planck 1 year result, Black shade: MCs by NGPS
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Scientific Targets

- Galactic Plane Survey
(NASCO_GPS) o

- SNR survey - Orion A

- Galactic center - Serpens
- nearby low-mass SFR
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; Observational Results (NASCO_GPS)
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Cloud-Cloud Collision as mechanism of 13
massive star formation

B Collision between uneven clouds (Habe & Ohta 1992)
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Early phase- 2 Late phase: 1 velocity

Cloud B

Cloud A velocities

— The shock triggered star formation

* Inside of the shell 1s 1on1zed (HII region).
 Two velocity components should be observed.



Westerlund 2 (VWd2)
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Galactic latitude (degree)

12CO(J=1-0)
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GMCs D i HJj
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GMCs D i HJj
REE 2 : GMCsDfE 3=

EZEZ DF@ERFE
4 km s B & 16 km s B DBEXIRE ~12 km s
RCW49D 1 X~40 pc

B FFE ~4 Myr & WA2D 5 KD 2 — 3 Myr
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M20 (=
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2. Interstellar turbulence

® Observed by broad (super-sonic) molecular
lines

® Ubiquitous from diffuse cloud to dense cores

e AV(1°CO)~1.5-2.5 km/s » Cs~ 0.2 km/s for
20 K gas, AV(H3CO") ~ 0.5 km/s

® Important for cloud evolution and dense
core dynamics



Paradigms of dense core evolution

Magnetic fields

Self-gravity H or

Interstellar turbulence

Klessen et aI: 2000



Line width - mass relations
NANTEN C'80 core survey in nearby clouds
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Where the inter-stellar
turbulence comes from!?

® excited by large-scale wave (e.g., galactic
density wave, SN, outflow, SWY, etc...)

® cascade into smaller-scale waves
(Kolmogorov turbulence)




The two-phase gas model

® |SM consist of warm (~
10* K) and cold (< 100 K)
neutral medium (WNM
and CNM)

® shock compression of
diffuse WNM =>
turbulent CNM by Tl

® sustained long due to
subsonic random motion
wrt the warm gas

Thermal instability of shocked layer
(Koyama & Inutsuka 2000, 2002) (See also Hennebelle et al. 2007)



Numerical simulations

*3D MHD simulation of colliding flow
*Chemical reaction

*Radiative heating & cooling,
*Thermal conduction, etc...
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Ophiuchus North '2CO observation

e NRO 45m + BEARS; '?CO J=1-0
e HPBW = 1572300 AU at 150 pc
® L204 cloud surface on S27 excited by ¢ Oph

® Repeatscansofa || X 22" region

Trms ~ 0.35 K
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Small scale structures of the cloud surface

Channel map
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Complex velocity field
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Tkin and

2 25 3 85 4 45 5 55 6 65 7
log[n(H,)]

1000 < n(H2) [cm™] < 6000
=> 0.008 < M [M] < 0.05
40 < Tin [K] < 300
R = 6300 AU, AV =0.6 km/s

/ =
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n(H>)

2 25 3 35 4 45 5 55 6 65 7
log[n(H,)]

2000 < n(H2) [em3] < 11000
=>0.005 <M [M.] <0.03
25 < Tiin [K] < 150
R =3000 AU, AV = 0.6 km/s

.5 x 106
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SNR as a Cosmic Ray Accelerator (~1015> eV)

([?{

r7na bka X
mxw

FH AR T

N

{

VIV E !

R
=lihlhae g SRR T- 0 (O )
GL:J N VS
TR B%QF g, S

o FHIME T 1 v/ m b u yXFBOBHIT X D MBEIZFEEM (e.g., Koyama+95)
o FHI MR- ¢ EWpofiay 7 VL e w2y 2 YD 5T 2 A
Middle Aged SNR IZ DWW lk, MEBIRBINODOH S

AXRT FIVDIE

= JE—RISMHIZ H BSNRIZ, A7 F)LIZ X 28D 451 F 1R HE (Inoue+12)
SNRCFEHEE ORI N T LA LELZHoICT A I N

: O)ﬁ} %—hu \E?O)E_Aj(@/\ \/\\\O) 1 O




TeV vy-ray vs. Target ISM Proton
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Numerical Simulation

B MHD Simulation of Shock-cloud interaction (Inoue+12)
BNAZEMIZ & DI S 172 clumpy 72 ISM (Inoue&Inutsuka+08,409) 7 {r it
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