52 % % 1 4 r X ¥ #® Vol.52 No.1
2011 £ 1 A ACTA ASTRONOMICA SINICA Jan., 2011

T2 (R SO B

E R4 F S MR RN TTE

HEE

(PEBERERE LIRS HE 210008)

N THRFBASNRR T FRURMPEER, ARS8 T — AN/ MEAREARLSN R R
MEER, —MEABER IRAS F10214+4724 FITEABTFLA R —MEMRLAINER ARP 302 =)
BEOESE. 5L, Xt Perseus BRMFAFAER T EG H T &0 BN, FEBTREIERZZER

P

St AN MNEARIEELLSMNE R, 53] T CO (J=3—2) fREIL R, BRESES A EFERE R0
PHRIFA BRI O RE RGBS W FHAH—MFE NGC 3256, 51 T CO (J=3-2) ,
CO (J=4—3) f1 CO (J=T—6) FMMLER, #HRHE CO HLBRAMAIEEE CO (J=5—-4) 5
CO (J=6—5) ZIa]. BEEGTHBEAE £ 5 CO ARPER MMM E, REERPIENY L
fF: 3 Tian=40~45 K, MR HSEBELH 10°7~10"" em ™. FABTTLAIMER NGC 3256 HF4H
BRI R R (SMGs) BA RIRM SRR 5 F; IS5 RSCREX R R A RANER Y
SMG BRI —RER, FIZLTFEH AR FEH.

MR R 2.286 HIEZELSMNEZR IRAS F10214+4724 #F T CL CP, —3 P1) . CO (J=3—2) .
CO (J=4—3) . CO (J=6—5) fl CO (J=T7—06) HLRBKTU K 3 mm Al | mm FEHYRIRELE K
S, IRAS F10214+4724 R 24 1 HERR A P 2R Q0 45 M R ER MBI A58 3 MM ER. B
R E R CL PP —° Po) IR GF o5 e, W ARG 77 10 308 J35 6 36 L R AR - A 0
B, i CIRME IR S CI fRIBE A 4270 K. Ry &M, CO BRI &IKT
A B A RIS R S IE R SRR B SRR A 72 AW E n(H2)=10"°~10"" cm™® M IKIRE
Thin=45~80 K, X G0 BB R KA. # LK 360 pm FJERESTBR 5L
ST B, X T AT R, BIELSMAE R E B AGN KB I X 5K,

%4 RIRIFMER ARP 302 it 2R ARP 302N &40 CO (J=2—1) MMHLER, &
RTBRRAFSFRIBERIZEAA. EEXNREF, 5 FRMEAIIAARAXIFR: A WS X
SATERRZFOH TN, FHIME 5% XKRAE & dr Ol 8 kpe BT, A FRER
#9534 5 Spitzer 24 pm FPLLINELSES R M PR BRI RARRI AR — B0, MR LUROR &
Rl MTFEMRR, HOoFREMEERR, AT 10° cm ™. FHSREASRIE ER1E
SEWE R HT, AT ARIRE Ta=26~36 K AIRRFE Maus:=2.0 x 10°~3.6x10° Mq. 3.6 cm §FHi%
Ziil. Spitzer 8 pm Fl 24 pm FHLLINEHELL B CO (J=2—1) B FEMM 45 R 2 [0 — Bt B T
£ ARP 302N B R 7ELE AR FRi 1E B I BE 30,

Xt Perseus BERHEH L ¢cD BZHR Perseus A (fAifk Per A) F.LXIEAE ~10 kpe BITEEH
CO (J=2—1) WRAE ~1 kpc HFR T HTREIEATHAZMM. S5 Per A #1F ~1.3x10"° Mo

12009-04-02 FRAHELENL, S BRI EHEMFRR; HEDGEHBRFIT Axel Weil HRER; G
FREFFEBER SCERAEDHEAFFIT Jeremy Lim B H;  ypao@pmo.ac.cn



13 HMEF: BRFS TR EAE RN 87

H Rk, LB ETBIAN R IE B R FRIRERE EXER TR, NSREN X &
RHIBARAR. A 1 KRR TRERELE 3 MemA4eRy Tz, HRBEMN 1.1~2.4 kpe &
& SEHIERFRENRAERVET R, NERFORISIME ~8 kpe Ab. FRIHITY SN LF 4R 5>
Tz, EE/MYERCTFEE RAEREEE, TE N TR AR D T RA SRR RGEEA
PARITERE. BrA T8 A UEZSIRER, PrAAKTRENETER TR M, AT
Per A 5] 7%t B B R R BBRE ISR LF 4R T 2 o 2 i BE S A, X R & 4> F
ZRE X HRRH. 15, Braf 3 MNEF4ERD T AT H Per A BN SR T E U P 4~ 3
2 X HAREEN, XWRERE DT AT — XA GG Y D8, 107X A R J15 A W]
LUETER. AHAER A SNBEF RS F 2 W B TIBUEKR AR 76 Mo-yr— . X MEUEKE HITRES K
Per A #5312 R —MHEXELEH 7 T i %

An Observational Study on Physical Properties of the
Mbolecular Gas in External Galaxies

AO Yi-ping
(Purple Mountain Observatory, Chinese Academy of Sciences, Nangjing 210008)

To study the physical properties of the molecular gas in luminous infrared galaxies
(LIRGs), this thesis presents the preliminary results of a small local sample, a case study
on a distant LIRG TRAS F10214+4724 at 2z=2.286 and another case study on a local LIRG
ARP 302. The molecular gas in Perseus A, the cD galaxy in the center of the Perseus
Cluster, is presented in high angular resolution observation to study the gas distribution
and its kinematics.

A small sample of 5 LIRGs was observed and the CO (J=3—2) mapping results re-
veal the gas distribution concentrated in the galactic centers or the centers of mergers and
their overlapping regions. For NGC 3256, the maps in the CO (J=3—2), CO (J=4—3)
and CO (J=7—06) transitions are obtained. Together with the measurements in the lower
transitions from literatures, the peak of the spectral energy distribution (SED) of CO line
was found between CO (J=5—4) and CO (J=6—5). With the radiation transfer model and
the CO ladder, the gas density is constrained to n(Hz)=10%7~10%*! cm~3 for a kinematic
temperature Ty, =40~45 K adopted from the literature. Local LIRG NGC 3256 shows the
similar excitation conditions as the submillimeter galaxies (SMGs) in the early universe,
further supporting the view that the SMGs are the same type of the local LIRGs, but only
at the early epoch.

The CI (3P, —3 P;), CO (J=3—2), CO (J=4—3), CO (J=6—5) and CO (J=T7—6)
transitions as well as the dust continuum at 3 mm and 1 mm were detected towards the
distant LIRG IRAS F10214+44724 at 2=2.286. IRAS F10214+4724 now belongs to a sample
of only 3 extragalactic sources at any redshift where both of the carbon fine structure lines
have been detected. The source is spatially resolved by our CI (3P, —3 P;) observation and
we detect a velocity gradient along the east-west direction. The CI line ratio allows us to
derive a carbon excitation temperature of 42:1)2 K. The carbon excitation in conjunction
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with the CO ladder and the dust continuum constrains the gas density to n(Hg)=103-~10%0
cm ™3 and the kinematic temperature to Tikin=45~80 K, similar to the excitation conditions
found in nearby starburst galaxies. The rest-frame 360 pm dust continuum morphology is
more compact than the line emitting region. This supports previous findings that the far
infrared (FIR) luminosity arises from regions closer to the AGN.

High angular resolution observation in CO (J=2—1) was carried out towards ARP
302N, the northern galaxy of the early merging system ARP 302, revealing the extended
spatial distribution of the molecular gas in ARP 302N. The molecular gas was shown as a very
asymmetric distribution with two strong concentrations on both sides of the center together
with a weaker one offset by about 8 kpc to the north. The molecular gas distribution is also
found to be consistent with that from the hot dust as traced by the 24 ym continuum emission
observed by Spitzer. For an observed line ratio of CO (J=2—1/1—0), excitation analysis
suggests that the gas density is low, less than 103 cm ™3, over the entire galaxy. By fitting the
SED of ARP 302N in the FIR band, we obtain a dust temperature of T4=26~36 K and a dust
mass of Myus;=2.0~3.6x10% M. The good spatial correspondence among the 3.6 cm radio
continuum emission, the Spitzer 8 & 24 pm data and the high resolution CO (J=2—1)
observation from the SMA (submillimeter array) shows that there are asymmetrical star
forming activities in ARP 302N.

The molecular gas in Perseus A (Per A) has been imaged in CO (J=2—1) at a spatial
resolution of ~1 kpc over a central region of radius ~10 kpc. Per A is known to contain
~1.3x10'° M of molecular gas, which has been proposed to be captured from mergers
or ram-pressure stripping of gas-rich galaxies, or accreted from an X-ray cooling flow. For
the first time, the molecular gas detected in our images can be seen to be concentrated in
three radial filaments with lengths ranging from 1.1 kpc to 2.4 kpc. These all lie in the
east-west directions, spanning from the center of the galaxy to radii of ~8 kpc. The eastern
and outer western filaments exhibit larger blueshifted velocities with decreasing radii, while
the inner western filament spans the systemic velocity of the galaxy. The molecular gas
shows no signature of orbital motion, and therefore is unlikely to have been captured from
gas-rich galaxies. Instead, we are able to reproduce the observed kinematics of the two outer
filaments as free-fall in the gravitational potential of Per A, suggesting that they originate
from an X-ray cooling flow. Indeed, all three filaments lie between two prominent X-ray
cavities carved out by radio jets from Per A, suggesting that they are located in a relatively
undisturbed region where a cooling flow is able to operate. The inferred mass-deposition
rate into the two outer filaments alone is roughly 76 Mg -yr~—t. This cooling flow can provide
a nearly continuous supply of molecular gas to fuel the active nucleus in Per A.



