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SLSNERNGC 161491 S IELLIRERAY
HEDTEM

RERY B OB pEe
(1 #EA#RL4LLAXE B 210023)
Q2 FERFEAAFAXSEEMAE¥IE 6L 230026)
B EINAFWEMZEREARAFIRAX¥Z EI] 361005)

FE R AR 1200 (1-0)s BCO(1-0)s 2CO(3-2)s 2CO(6-5)« HCN(3-2)«
HCN(4-3). HCO™(3-2)MIHCO™ (4-3)7r F i X UALMA (Atacama Large Millimeter/
submillimeter Array)FR4%HRE, SRHF AU LERAIMNE RNGC 1614115> T AR, JH
RBUE TR @ PR F RIS B R, R &0 XKik(<
1 kpe) Al LB BIMOREM, 70 TR TEE M T E RO X, BX 0 TAdg8iDb.
2CO(1-0)Eor il JLH LA AR m A B JR 25 4, B CO (J > 3, JAFEHRAR
BB TH) S T ME 5 THCN, HCOTIE L BoR, MBS0 TRk EEEH T
AL X, HCN(4-3)/12CO(1-0) FTHCN T (4-3) /2 CO(1-0) A7 43 58 5 LU AE BB oR, 8
For AR B T O IR IR 254 . HON/HCO™ 56 & o AR ) 43 A A2 46 % 1]
BRI R X I 0] G R A A F 3R 4 1F. HCN/HCO™ (4-3) 58 B LU A8 2 A (E PR [ 7R
FEFB(~0.44 4 0.04)m T3 6H(~0.35 £ 0.03). HCN/HCO™ (3-2)58 f¥ L EH B =
X 35(~0.38 £ 0.04) 73 M AEHCN (3-2) W B Ar B, TFR AP AL, 7% 7o &1 5 BE LU AR AR G2
fi(~0.3 % 0.03). X FH A FXIHCN /HCO HAE At i R RHEAT T HE.

Xigin 2R ER, SRl ER, FHILLk: tkE ER: M5l NGC 1614
hESES: P157; XHEAFFHETE: A

1 5|8

TEIT AR 5 8, AR ()7 40 4 B R ((U)LIRG)iX 2K 5 & M ok 41 70 58 5 (Lig (8-
1000 pwm) > 10" L) R RIFAZ W, Hrf Lig N R (8-1000 wm) 2T 40 BRI 0 S0k
FE, Lo NOKFHOGEE. (EXE R Reh, A&ERZINEEERGES, HEE SR RNEIHED)
FYIM RO A FEHE LR, SR ERMABNERNE RO, R R FR TGS, [FIR ik
O RBIFARZIE S, YR R AEA S HEAEH. BRI R B 7 K IMLIRGATULIRG

2021-05-0615 3 J5 A, 2021-06-0945 F & 5

*[H K H AR 4T H (11803090 11861131007 12033004, 11520101002), H %K & S W& it
X (2017YFA0402704), H EARR B iR 2= A w70 i &I (QYZDJ-SSW-SLHO008) 55 B

Tchenyd@pmo.ac.cn
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62 & X X %= K 6

% BB LT R i Ak, TERT R 2 > LERTLT /M S AR S I STik AT g o5 £ S84 Rk, X
A0 B LIRG 1 M 43 W26 (AT 0 RE RS S AR 5t SF (Star Formation) M 1 HURFR A,
WAL 40 R 22 RSFR (Star Formation Rate) [ 73 $2 it 8 Z 2401,

W, B RPIES AT DL PR, — & m BRI B Y S S, AR R
T Zh (Star Burst, SB), 75— a2 2 2 rhC KR B SR MR R A A ik % A% 07 3 (B 2
BRI, AGN)BE KAgs. B8, 7 T RTEIX L iE 3 il #2 vp A A6 1R pE IR} 18
FH, T HLE 52 31X Sy B (1SR ZL 52 . 521X M8 B RIE A IR, o FUAR R AN ALY B
SAMA, 4 TSR BBOR 2% AR 25 3 B 28 A T e 0 B AN IR ) A 3 ek R, L a3 7 45 b
2R (UV) Bl XU 26 4% 59 3 (/R P JR sl a8 2h o A, B B R A ELAE S RORUBE I
SRR H TR R PRI SORFE, X TR RIEE R, R
I B IE AR L e AGNAISBYE 212 18] ] REA77E [ ) B DG BB AR 58 0% F 2.

SRIM, HFIX e B R A% X (195 2y, 58 A I e 25 S5 e B 1Y) o S5 08 o g 2 B
Wz, T 2 A R T = K B I B KU, Dk o R R A Bh AR A T I T A
2CO(1-0)F113CO(1-0) 7 Tl 28 W ROR B 2 R 40 PRI S R0 A5, LA da 324
FEO-T T LA AR AR e AL B IHCN, HCOT U 7y Tl 28, 7] LR R 80% 4y
FAARE I DU I 70 B, B0 o TSR 0 28 18] 0 A7 5 AR5 B 0 7 S IR o AT
A EAR, S TAREEESTERPOXERE S 12714 XIS LIRGH,
AR E B (n(Hy) > 10 em ™3, Fin(Hy) AH o TS MM B ) oy 1S4, 1
fE R AEAE R T I S 5 4 T AR 89 150 RS RIRZ K /I 22 Kl T3 4 1 030 4 B,
7E(U)LIRGE &, /REFEBRZE SR KICORM (J > 3, JNEIRAES & 75 ikiT £
A5 e R L TR R 3 0 2 i) G A 5 AR DR 160 13, 16181 [ LA i A AR 1 40 1, 1
UTHCN. HCOTRIHNC, AMY AT DL RcHh o 5 5 25 B o 1AM, HANE 2 T g 2 2% )
FHOCIE 120 fH X S B oy 7R 2k bl TR R AR, BRI BT COAr TR LR LG5 2.

T AGNRISB/™ A (4R 5T 7 (102 5, AGNJE B> TSR IR 2 A AL 2430 85 5
SBIEE R B B A F. © A M SCERBE AR B, 2CO/BCO. HCN/HCO*T. HCN/CO
ST LR R LLAE, T DL BT BROBUE B AR B R R O X (1 R R RTAGN 3 K 9
IE;FD’“Q%J‘i%%[PS’ 10-12, 19—23].

NT R TAME, RS S TR HE LR AGNIEEhZ AL R, W
FEOr T ARMBR AT RARE L. 158 DRI B R, G, BT SRRl
SITUCAE, 53R T A S H 2R A CRE L L BY). 76 e 25 FE PR B L, A L Tl i 2 1 4R
B T AT UM, SRR A AL, BRICCASE, Bk, 1H T SUE S
ANTENEA I B (of T B BT S N E L) UV /X #2150l i 210 4w S s 2
TR P S A 1 =l i 8 A (24 N 2 R % (SNe) (25261 T bt PR 2% ) o 3 4 0 1 EEAE
(AR Ak A A B R

325 TALMA (Atacama Large Millimeter/submillimeter Array)i & 7> # 2% Al &
RN HAE A FRAT AT CAVERAT 7T 4R 2 2 B0 7 TS AR RLE SR 1) 23 (8] 43 A7 A
PR TR DA B Gy -V 2 50 P LU 10 2 18] 2 A RS AR A B IR 85 1 AR 4L

NGC 16142 —MEA . BHEIFEBRMLIRG (LAMEELr = 10105 Lo, )
JERRES67.8 Mpe. PR N1 = 329 pcl7). E1ER T A ANGC 1614 HST (Hubble
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62 % Wi AR5 R4 AMNE RNGC 161470 2SR IR B 7 TS0k 6 34

Space Telescope) F606W WEFPC2 (Wide Field Planetary Camera I1)[1J 6% E1E, 5
T RANE R12CO(1-0) 2R 5 28 . Viisanen 2 2SR T HE AR FINGC 16142
PANE AR E RIFETRL, XA R R0 E R MEE3:1-5:1, FF HAEE%
K& L rT DUE BB B H S RHIE—R W . AN, TR TRk Z MR T REG L, #
SR TE BB RA AR, hinPaad), B HIESERY. PAH (Polycyclic Aromatic
Hydrocarbon)28l, 12CO(2-1)BUAI2CO(6-5)B2. %t-F R BRI, Hora A4
I B Ferp—AN 2, Alonso-Herrero5 PO H () “wildfire” (5 15, Bl A2 Z 3K 2 i o O i%
12 BTG B R AN R (propagating) JE KT, 55— A2, B B2 7E “Lindblad” 2R A7
BACTE R, 7 R BRI ) A R A S SR N BRRE, A E B Y R B Rt
By #3180,

-8°34'35" {8
40"

45"

Dec(J2000)

50" 0

55" ; . . ‘
4"34m00.5°  00.0°  33M59.5

RA(J2000)

1 NGC 1614 HST F606W WFPC2¥:3:E % (http://hla.stsci.edu/). B L8 EAL, AR, Bbs
FRZ(RA), IR FREE (Dec). HHLRAZCO(1-0) D IEL, HH/E50. 100, 150, 200, 250,
1o =0.219 Jy-beam ™' -km-s™'. 7EEFRHLXEILHA —AMRBRTFLER.

Fig.1 The HST F606W WFPC2 optical image (http://hla.stsci.edu/) of the NGC 1614. The orientation
is north up, east to the left and the abscissa is right ascension (RA), the ordinate is declination (Dec).
Contour: "2CO(1-0) integrated intensity emission line, levels are 50 — 250, with steps of 5o,
lo = 0.219 Jy-beam ™' -km -s™ !, there is a dust lane crossing the galaxy just north of the central region

of galaxy.

Olsson =530 [ BF 57 3% W76 38 1 A7 76 B4R 5 (1 2 2295 30 (5-10 Myr), 1 2 & 0
)R 5 B N 4 % (> 10 Myr). NGC 1614544 (118 22 JE il % (SF R0 ) £ N51.3 M, -
yro 1381 R R IAN32.8 M, - yr~ P2 fEImanishi%s AFE20134F# TAEH R BLBY) 8% 5
FHCN, HCOTFIHNCHJ = 4-3i5 £k & LUAE 17 & 2 2 R W ARAE, M nT DUHE T 75
B AT OAGNIE I S T HER S, X — 4510 th 5ALMA 435 pmid g3k &4 32 b 23
Hrés 5 —80 4k, Garcia-BurilloZ B R BINGC 16144 KRR THMR(3 x 10" Mg;
Moy ~ 40 M -y, Hodt Mo AR &, Mo N5 TR R AME ) I 2 A
I E B RIESIIRAEE) 1. 15128 TNGC 161419 AY LR, b Dy AR
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B, rin NEBEINEAR, row NE RIS FAL.

NGC 161475 — M %& W B I SRIERNE AT ANE &, A5 5 RO I EE A,
JUH R ALMA 5 22 18] 73 9 2 HOUL N A . A Bhix Se i, W LR 1 IS 2 & b Uik
oA, AT LR L LE T AR IIBOR A , RERE XN R AL AL Ah B R N iR it 2
% BTN R B e M T, SRS T R E AR, AT i iR 2 R
O XIRHCN/HCOT HUAE AR L. B, FEH5 4 it 45,

#1 EARNGC 1614EKYIEM R
Table 1 The basic physical properties of NGC 1614

RA D D. 1g(L SFRe:  Ring radius

Object e« Redshife ¢ 8w o THnE Tadis
(J2000) (J2000) /Mpe /Lo) [(Mo-yr™)  /pc

o = 100,

NGC 1614 04"33™59°.854 —08°34'43.98" 0.016 67.8 11.65 51.3 " o
Tout =

2 HiE

MALMAR VARS E 35t b, 3REC TNGC 16141CO J = 1-0. 3-2. 6-5, HCN J =
3-2. 4-3FTHCO™ J = 3-2. 4-380% o FRRIE e 2 ds. ek, ZIH 1 BT H 208 i
BUEE. TER3T, I T IX s il 2R Im S % A L RE R

Fz2 FANSTFELEENEERR
Table 2 The brief information of molecular line data
Project Emission line 1yess/GHz Beam sizes/” PA/°  Flux/(Jy-km-s™1)

12C0(1-0) 115271  0.64 x 0.45  78.98 211.2 £ 0.15
13C0(1-0) 110.201  0.68 x 0.46  67.71 4.03 £ 0.11
200(3-2)  339.782 057 x0.39  91.36 590.75 + 0.13
HCO™(4-3)  349.919  0.55 x 0.38  92.82 —
2011.0.00182.88%  2C0(6-5)  679.552  0.26 x 0.20 —81.22  578.17 + 0.35

2013.1.00991.S[?3

2011.0.00768.S13¢

HCN(3-2) 261.738  0.95x 0.55  77.59 6.76 + 0.26
2013.0.00032.82%

HCO*(3-2)  263.383  0.95x0.54 —77.06 17.34 4 0.32

HCN(4-3) 347.923 147 x 1.32  76.08 3.94 + 0.36
2011.0.00022.834

HCO*(4-3) 349919  147x131  76.13 11.66 + 0.46

Column 1: The observed project code, superscripts are references;

Column 2: The observed molecular lines of each project;

Column 3: The rest frequencies of the molecular lines;

Column 4: Synthesized beam size;

Column 5: The position angle;

Column 6: Molecular line velocity-integrated intensity, measured from a circular aperture

with a diameter of ~8".

"https://almascience.nrao.edu/asax/
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R3 DTFENIGFEEMLERRES
Table 3 Critical densities and upper level energies of the molecular lines
Nerit¥em ™ (Aw/Tw)¥em™  neig/em™  (Ay/Tw)/em™  (E;/ks)

Transition
(100 K) (100 K) (20 K) (20 K) /K

2C0(1-0) 2.1 x 10? 2.1 x 10? 2.1 x 10? 2.2 x 10° 5.53
2C0o(2-1) 1.9 x 10® 2.2 x 10* 3.6 x 10? 2.3 x 10* 16.60
2C0(3-2) 6.8 x 10° 4.0 x 10* 1.3 x 10* 3.5 x 10* 33.19
2C0(6-5) 5.4 x 10* 3.1 x 10° 1.0 x 10° 2.7 x 10° 82.97
3C0O(1-0) 1.8 x 10? 1.8 x 10° 3.7 x 10? 1.9 x 10® 5.29
BCOo(2-1) 1.7 x 10? 1.9 x 10* 3.1 x 10? 2.0 x 10* 15.87
HCN(3-2) 2.6 x 10° 6.4 x 107 5.2 x 10° 5.6 x 107 25.52
HCN(4-3) 5.6 x 10° 7.3 x 108 1.3 x 107 9.8 x 108 42.53
HCO'(3-2) 5.2 x 10° 4.2 x 10° 1.0 x 10° 4.0 x 10° 25.68
HCO™(4-3) 1.3 x 10° 5.8 x 107 2.5 x 10° 4.0 x 107 42.53

® neit 18 a function of kinematic temperature. neriy and Ay /Ty are the critical
density of simplified calculation and precise calculation, respectively. Using this for-
mula, Nerit = Aul/E(Fu¢l)[37], to compute the critical density at the Tiin = 20K
and Tkin = 100 K, respectively, adopting the assumption of optical thinness, and
A refers to Einstein coefficients, I'y; refers to reaction cross-section coefficients,
u and [ are energy levels. All reaction cross-section coefficients and Einstein coeffi-
cients data come from the Leiden Atomic and Molecular Database (LAMDA) database
(http://home.strw.leidenuniv.nl/moldata/).

X FHCON(4-3)FIHCO™ (4-3). 12CO(6-5) LA & 12CO(3-2) FTHCO™ (4-3) ik £k s, A
SCHEAT T EOB UG AR IR, XT3 5 o ik 2 R, P ALMAARHEEHE A B # A CASA
(Common Astronomy Software Applications)®®), MZeis br A 1 ) 508 T 63817 His
SR, B SR AR T L B R S B R 2 T, T CASA R task—“tclean” X ik 2
T SR 1 4 U R ATV A, SRR EE R L, FE R “briggs” HUHE N AL (robust =
0), A2 Be s T2k cube U5 SO, X F12CO(6-5)s 2CO(3-2) MIHCO™ (4-3) LA JLHCN (4-
3)MHCO™ (4-3) 12k, AFRAF 3 I FE 73 H % 0 A~T7 km-s™ 5 km-s™' 17 km-s™!,
BE RN H1280.057, 0.17, 0.25". XF T HAh 735 28 B d, B4 40 A A RS s 42
fEFjcubeZi i 4. 1 FHCASAKtask—“immoments” #27 & A {5 5 HIHE B IE 1E, RIS
53 5 R R X S AR 23 o B I, SRAS A o n BT LA . o el P sk BB R K —
e, LU G 2 a4 B 655 # B CASAFtask—“imsmooth” VGt 43 -3tk 2k i) /1 43 H %,
K H “pixel by pixel” )77 2, H CASAftask— “immath” 3K | /F 7 13t 28 B FR 9 538
P . e B E 5 K T35 R LU X 88, Sk B 7 o LU B .

i FHCASAftask—“specflux”, X2 A0 Z98" 1 X 38 (7 i H 0o 52 R ST 46 [X 3 3
1T VAR FRIGEN . S 7 SRR R KSR E R 2, X LT RS 24105 5 1
THE I TE SRAN 545 77 M (root mean square, rms), H ] H Matthews%E A\ 20014 SCHk A 1)
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PRz 2= 28 339
AT = Trns Avewzr /[ f(1 — Avewzr /W), (1)

%l‘[’ﬁ/}ﬁ%ﬁéiﬁﬁ], E*Trmq%ﬁ¥ﬁ£éﬂé§i)§E‘Ji’aﬁffﬁﬁeﬁ, f = AUFWZI/(SU, AUFWZI/‘%
T IELI AT, 6, & G ST o5 T B EE A, WA T 2 AN BV (AL km - s Y.
F25 AN [F] 5 BRI IAE B LA S DN B A5 2] ()3 B AR 43 5 B /DN

3 #HR

2 2 Sliwa%F B6120144F 1) TAFE o R B AL B 58 S0, 8 T4 X3, A0 A s 4y
Hil & Jb 8 (north) (RA (J2000) = 04%34™00°.000, Dec (J2000) = —08°34'44.251"), ®
#(south) (RA (J2000) = 04"34™00°.020, Dec (J2000) = —08°34'45.844"), % (east)
(RA (J2000) = 04"34™00°.080, Dec (J2000) = —08°34'45.006"), 74 (west) (RA (J2000)
= 04"33™59°.980, Dec (J2000) = —08°34'45.064"). LA8.4 GHzI%E &Lk 1) & #1100 (RA
(J2000) = 04"34™00°.030, Dec (J2000) = —08°34'45.1")/F A% 2 R K 047 B (hole).
HI IR AR AR 3 R AR 8 5 AR . 20 60 5] PEL AR 3R R R BRI 4 B ARB0 320 2117 (M3 R
& ~360 pc).

3.1 MANEER

TEE2F, JBoR TNGC 1614194 5> TE R IR 5 5 B, 4032 12C0 (J = 1-0. 3-
2. 6-5), 13CO (J = 1-0), HCN (J = 3-2. 4-3)f1HCOT (J = 3-2. 4-3). 7@, (i F /&
A AR IR AR A R I ) 4 R DN, RO AL A 5 A3 8.4 GHziE
SRR S H O A2 B, Elhole; BB 81 A SRR AT SCE I FR 44 AL B (north,
cast. west. south); ZL{5 [ {37~ B BRI AN ELAR. AN 235 LI ) 1 70 #2000 L 2%
[ A B R 90 Bl KR 12CO(6-5) F185.5 pe x 65.8 pcEIHCN (4-3)f1490.5 pe x 425.1 pe
Z [H].

B2 73 A5 SR BE /3 AT AR F 7R 1 2 rp O DX R R AR S5 4, A 0K 485 440 1) 2 [
PR MEAE100-350 peiti BBl . [RIB, 2CO(1-0) [ B2 4 50 5 R 2w 1l AR b, P
7R P P AE F S5 K, 55 SR R O R R 1 5 R AR — 33 AR 2 12COo(2-1) BUA
2CO(1-0) 23 A 78, AR MR L FE 5 0k, HIR S8 2 230 ) 7 ZE 1, 76 7 3 T B A7 1E
AR IR B A SR 25 R (LI ); R LS X 3P I A7 4E — A “umbilical cords” &5 4, AR Btk
AR IR EN B FR IR, K COZr F AR 70 A A T e 2 52 B ARl s . R, 1%
LR B ) (B A B T AR TR R B IR AL, VE ORI R X A, AR A AR R
FXTELTS. A6, fER R P OAE, HE8.4 GHZE L RE 15t O B, BT E (13
AR BRI RS R . AR, R T BUR S #1477 x 1.327)KJHCN (4-3) Al
HCO* (4-3) 7 TG LR AU SR FE . AR, 071 S5 M08 o0 9 Hh R, EL IR T 46 3 4 11 ik 5
O30, FIREEE R T R BRI RIS B SR P 0 DX, 7E AR A O 2R R AR A, A
Imanishi®s A F20134F TAE IR 45 R — 30, XKW, AR E2Eh T ERK
LS. VG AN R A X, AT AR AN R AR LAy, 7EX s B220154F FiSaito 5 40)
20164 1) LAE T, AT REDAX (TEIE S T4 564 T HH RIS 7 = h o Pk 2o
R P AN ) 2 A ke 0 45 SRR B, TE 2 R BA DX 30T Re 1 SEAFAE B PR SR e ¥4 U0k

68-6



62 % Wi AR5 R4 AMNE RNGC 161470 2SR IR B 7 TS0k 6 34

B3 (~19 K) MR 7 (> 70 K).

$3C0(1-0)

Dec (J2000)

Velocity-Integrated

4"34™M00.2° 00.0° 33M59.8° 4"34M00.2° 00.0° 3 4"34M00.2° 00.0° 33M59.8°
RA (J2000) RA (J2000) RA (J2000)

-8°34'40"

HCO*(4-3)

42

44"

Dec (2000)
Dec (J2000)

46"

4"34M00.2° 00.0° 33M59.8° 4"34M00.2° 00.0° 33M59.8° 4h34™M00.4°00.2°  00.0° 33M59.8°
RA (J2000) RA (J2000) RA (J2000)

HCO*(3-2) Batel HCN(4-3) HCO*(4-3)

Dec (j2000)
Dec (j2000)

4"34M00.2° 00.0° 33"59.8°
RA (J2000) RA (J2000) RA (J2000)

4h34™M00.4°00.2°  00.0° 33™M59.8° 4"34M00.2° 00.0° 33M59.8°

K 2 ALMA®GHERMNGC 16141 R 5T R 50 E R . IS FARR IR 5 F U R 3R E R/, 5k
PRI 5 W DA LR I 2. RIS ITE L B, oSl iz B4 BB R BT, e CO(1-0)-
50 — 250+ 50v lo = 0.219 Jy-beam ™' -km-s~*; *CO(1-0). 1.50 — 9o+ 1.50-
lo = 0.094 Jy -beam ™' -km-s™'; '*CO(3-2). 30 — 270+ 30, lo = 1.24 Jy-beam™ ' -km-s™';
HCO™T (4-3). 20 — 200, 20. 1o = 0.102 Jy-beam™' - km-s~*; *2CO(6-5). 30 — 180. 30
lo = 2.284 Jy-beam ™' -km -s~'; HCN(3-2). 20 — 80+ lov lo = 0.293 Jy -beam ™' -km-s™%;
HCO™(3-2). 20 — 100+ 1o 1o = 0.328 Jy-beam™ ' -km-s™'; HCN(4-3). 20 — 80+ 1o
1o = 0.370 Jy -beam ™' -km -s~'; HCO'(4-3). 20 — 100+ lov lo = 0.720 Jy-beam ™' -km -s™'.

Fig.2 ALMA high-resolution velocity-integrated intensity images of different molecular lines of NGC
1614. The color bars represent the velocity-integrated intensity of molecular line. Each image is overlayed
by the correspoding transition line. The range, step, 1 o value of image contours in order from left to
right, top to bottom, followed by '*CO(1-0), 50 — 250, 50, 1o = 0.219 Jy -beam ™' - km -s™'; '3CO(1-0),
1.50 — 90, 1.50, 1o = 0.094 Jy - beam ™' - km -s~*; 2CO(3-2), 30 — 270, 30,

1o = 1.24 Jy -beam ™' -km -s~'; HCO™ (4-3), 20 — 200, 20, 1o = 0.102 Jy - beam ™' - km -s~*; 2CO(6-5),
30 — 180, 30, 1o = 2.284 Jy -beam ™' -km -s™'; HCN(3-2), 20 — 80, 1o, 1o = 0.293 Jy -beam ™' - km -s™*;
HCO™(3-2), 20 — 100, 10, 10 = 0.328 Jy -beam ™' -km -s~'; HCN(4-3), 20 — 80, 1o,

10 = 0.370 Jy -beam - km -s~*; HCO'(4-3), 20 — 100, 10, 1o = 0.720 Jy - beam™' - km -s~*.
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El2r, 12CO(3-2)s 2CO(6-5) HCO™ (3-2)FlE = (M A FERHCO (4-3) 54> 11
28 (I ARL S35 JEE A R SR v A5 FE 28080 BT R s 1 4 A 5 SR — 35022 32361 WT DL, A o
SR AR R R, I HUR RIS [ 45Kt DA AR AT ok TERR2CO(3-2) LASI 1 A 35 %5
O FAE LA B B B R AR IR B 4012 CO(1-0) AR 20 7 il 28 P (O ZE R 45 1. IX 3% B
BRI LA X I SAA T e A TR BCRAS, X BRI S5 R 8 2 00 WO e 77235 B RIS
BT COZr TRl 2k (WLAR3). thAb, 1KLL/ F Rk 4R AE 2 R h O J L3 BRI B R, JUH
FE12CO(6-5) 7 THE LA = 0 FERINHCOT (4-3) 7> T2k, X R W, AR RZP LY TR
S B, M OCSCHR [29)8 5T R B, B R O A% X A E B Y B 2 1 AR, A% X
TE R T S SR 1 KRR 770 X B b R i 45 A — 2

XufEBAX12CO(6-5) 7 T B 58 R I, 12 BRI TR Z 70 1 = I PuIR 4
), HHIRILT JUARARHTIIT (knot )R E5H). [FIFE, TEKonigh B m 70 #F1112CO(2-1)
WL A 7R R R AR R R I T10MGMA (Giant Molecular Association). iX £
GMAFTknot 45 #4) 7] 58 5 AR F5H7 (1) 40 A7 K BK, IX Le 4544 T BAEAE T ALHE. PE AR A IX
(W E2). BhAh, 2CO(3-2)FIHCO™T (4-3) 4 TG £ 40 A7, o [F)FF S 30 HE 2R BU 43 1
= [
3.2 M=
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Jy -km s )RR, 5 CEAHHCN(3-2)FIHCO™* (3-2) (4r518(5.1 + 1.7)M(15.7 &
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Jy -km s~V H R R AL A L, B8A AR 55485 B RHCO (4-3) M, % Lo &
M AE R I, & 2 HR 20 3R 15 i = AE.((23.55 & 0.13) Jy -km s~ ) T 70 HE %
NI A5 3 ) B EL((11.66 £ 0.46) Jy -km - s~1), 530wk ib 45 0 2 P RHCO (4-
3)¥ = I & fF((24.33 £ 0.6) Jy-km -s~V)BRHE 2 3 RKHCOH IR & Wl & 18 ((16.0 +
1.4) Jy -km-s~ 1) BUR g5 BRI — B M WilsonZs A F20084F {f FISMA (Submillime-
ter Array) M (2.6” x 2.17)3k AFHCO (4-3) i & H A> (14.0 £ 3) Jy -km s~
HALMAMR 7 95 5R(1.47" x 1.32") HCO™ (4-3) W0 35 75 10 7 B4l KAk — 8, (K] #e
MALMA S 73 #FEHCO T (4-3) B8l B 2 8 A v] Be A — e )@l i 75— 2P I0E.

3.3 MomEHERE

HCNAHCO™ B A B B, Al 5ok T & 1 5% L COZ 7 I 2 27100
B (WA3), IR USRI MR R EUH 0 7 ARG, B3 JoR 1 805 70 FHCNAHCO T
AN TR 5% Bl e 21 BRAE 2 18] LR 5 COZr 1 AR 7 38 LEAE I, HCO™ (4-3) /2 CO(3-2) Al
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Fig.3 The integrated intensity ratio maps related to the dense molecular transition lines. The blue
ellipse in the lower left corner represents the resolution to which each integrated intensity ratio map is
convolved. The HCN(4-3)/HCO™ (4-3) ratio map uses the lower resolution HCO™ (4-3) data; while the
bottom three images use the higher resolution HCO™ (4-3) data. The name, range, step, 1o value of the

image contours in order from left to right, top to bottom, followed by HCN(3-2), 20 ~ 80, 1o,
1o = 0.293 Jy -beam ™' -km -s™'; HCN(4-3), 20 ~ 80, 1o, 1o = 0.370 Jy - beam ™! - km -s™*; *2CO(1-0),
50 ~ 250, 5o, 1o = 0.219 Jy -beam ™' -km -s~'; '2CO(1-0), 50 ~ 250, 50,
1o = 0.219 Jy-beam™' - km-s~!; *2CO(3-2), 30 ~ 270, 30, 1o = 1.24 Jy-beam ™' -km -s~*; *2CO(6-5),
30 ~ 180, 30, 1o = 2.284 Jy -beam ! - km - s~ 1.

HCN(4-3)/12CO(1-0) FTHCO* (4-3) /12CO(1-0) A] LA & 1iE 8 % 43 T S A% & & L 6l
(faense), FH IR TR ILIX — LoAH 5 12 R I 1H B T8 5O 3 1 ) 24 72 82 4 OR ). &% 223k
BEHE, BT SR HCO (4-3) 8 fEpipeline k47 It 5 7€ FRi, f77E— € MR %2,
R AE A S HCO™ (4-3) AH DG 3 FE LUAE R/ NI 20 B i, AR AR — B8R 22 A SO, At
WNGC 161451 0o A 7] X 45558 B2 HUAE AR X 1 3 A 224k, ZE I3, HCN(4-3) /*2CO(1-0) Al
HCO™ (4-3)/*2CO(1-0) 4 38 HI LU A, 762 RO X S, SRS R RO Ah X
BRPEAR. XK, 758 &R O XA B 2 80 7 73Uk, B THCN(4-3)/12C0(1-0)
470 P LU AR A AR ) 2 Fe e, DRI TE U AR T B ORVE TS R SE 0 B0 4544, THCO (4-
3)/P2CO(1-0) A5 5 LA U R 7Rt T SE A B0 X Sl o A1 BI4JR R T AR 4 F AR 4y i i
FUAR 7E 2 R R X8 ) 43 A1 A2 4k, HCN(4-3) /12CO(1-0)7E Hhta IX 35 (5 4% X)) 1) L AR Eb
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4 AR R 7 T ARG R LA (oK E— IS 6, /MA- G s to, SPFIME-G 6, TE-L6) TR LK. &
BN 1T iR%E . HCN(4-3)/HCO™ (4-3) AR KA HHITHCO ™ (4-3)#idf, HCO™ (4-3) /12 CO(1-0) i1 w4
DPERIHCO™ (4-3) ¥udls.

Fig.4 The variation of HCN and HCO™ emission line ratios (maximum-blue, minimum-orange,
mean—green, median-red) in different regions. Error bars are added to the median value.

HCN(4-3)/HCO™ (4-3) uses the lower resolution HCO™ (4-3) data, while the HCO™(4-3)/*2CO(1-0) uses
the higher resolution HCO™ (4-3) data.
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The Dense Molecular Gas in the Luminous Infrared
Galaxy NGC 1614

CHEN Yu-dong'?  GAO Yu®!  TAN Qing-hua!

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)
(8 Department of Astronomy, Xiamen University, Xiamen 361005)

AsstracT We investigate the molecular gas properties, especially the dense molecular
gas in NGC 1614, using the ALMA (Atacama Large Millimeter/submillimeter Array)
high resolution archival data of ?CO(1-0), *CO(1-0), *CO(3-2), *CO(6-5), HCN(3-2),
HCO™(3-2), HCN(4-3), and HCO™ (4-3). From the high-resolution integrated intensity
maps, a ring structure was detected in the central region (< 1 kpc), and the molecular
gas mainly distributes in the central region while there is little gas in the nucleus. The
12C0(1-0) shows an extended structure to the south, north, and southeast, and CO
(J = 3, J is the quantum number of rotational vibration levels), HCN and HCO*
show that the dense gas mainly concentrated in the central region. Similarly, HCN(4-
3)/'2CO(1-0) and HCO™ (4-3)/*?CO(1-0) ratio maps show that the dense molecular gas
is mainly concentrated in the ring in the central region. The HCN/HCO™ ratios, show
that the different regions of the starburst ring might have different excitation conditions.
The variations of HCN/HCO™ values in different region of central region may be due to
the gas density and temperature. For HCN/HCO™ (4-3) ratio map, the higher intensity
values (~0.44 + 0.04) were obtained in the eastern and western region of the ring,
compared to the northern and southern region (~0.35 + 0.03). For HCN/HCO™ (3-2)
ratio map, the higher values (~0.38 £ 0.04) are distributed at peak location of HCN(3-
2) emission, while the lower values (~0.3 £ 0.03) are distributed at the northwestern
and southeastern region of the ring. The mechanism of variations of HCN/HCO™ values
in the central region of the galaxy has been discussed in the article.

Key words galaxies: starburst, radio lines: galaxies, radio lines: line ratios, galaxies:
individual: NGC 1614
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