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AR KFERRWSIM. B AE19624E 3 M 2, B2WH1IE G 1 — N 5 T =,
WA KFEEE B, KAE5x10* Mo AR, H AT C e B Bk i BE 5 2
(7.0 £ 1.5) kpcl¥l, FRIEALFRRLRA = 19"23743.86%, HREDEC = 414°30'29.4". 1
I 2 S I, SRR E] TH(TT) o H(110)a®E & LB S0l K — 5 H P T
e W CH3;OH.  CH3CH,OHAMICH3; OCH; 1) #% ) g 4 BX IE T RTH, O ik A B WLl 55 B,
WHIMz % B A Jie i 8 71 5464, 10 B IEE K, b e 3EE — PR 22815 Mo 1)
ERRTE A, RS S A BRI, KPR 32 A2 I N2000-3000 kme-s R KRS
8, fERemijanZ5 Pl S & o WHEIME = 1973 R G0 £ 2£56.00 km-s—t. {HJZ, %
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TR 0, o A ST 2 4 e ) S LR 5065 ks ™Y, 117 85 A ST 2645 B 1) £ G JE VU
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TERMAMBUEE R EEAX, WolMHF HRZ R MNEE4, WHAHeE A4, &
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MBI E S LS, TUHRATERE S, HHERZ. #IEmE &S ks m. 2
briids. FRAPE MU R FE R R3S F 405N fEaimmE s, K
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I, WSy WA N91.553 kHz, 7E14.8 GHZALHE FE /M #EE N1.9 kms~1. N T H S
RS , B T — MR 19254211,

ffFH GILDAS/CLASS (Grenoble Image and Line Data Analysis System/Continuum
and Line Analysis Single-dish Software )34 &bEFAF, AT LMR J7 @ iSRS 265 5, a0
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HH AR 20, FRAT TR T 1 B B AR SN DU A D S 2 8. R IRA L B LuisisE A
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ZEPREI, FEPE S e L. XRE, FRATAT LRI EEZ LA FIRMS (Root Mean Square)fH,
[ I A 1 i 2k 0 R0 B 8. AE IR P IR S, AT LA 2R A, G2
PR BEAEE T RIS RAE, £ R 5T 0 2K H k—splatalogue (— 1
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FERE S . SR ZENAE T IR, HHE AR5 H 0o TR FE 518 v8488.246 K, {H
& HHeE A 2645 i i IR P IM(E N 17513.875 K.

x1 WilMESLSHUEER
Table 1 Gaussian fitting results for the recombination lines in W51M

Ay Velocity AV Ar Frequency® Av Lab.Freq.® Fitting
/(Kkm-s™) /(km-s™!) /(km-s™!) /(K-Hz) /MHz /MHz /MHz Results

14.56573  58.830841 27.605917 0.636056 —0.123613 1.205489
0.626137 0.580823  1.426583 0.025126 0.023144 0.057118
27.293478  59.391754 30.895195 1.229044 —0.152737 1.391217
1.216556 0.657082 1.664081 0.046976  0.025382  0.064329
36.764122  56.949245 29.159334 1.663036 —0.043024 1.319053
0.422505 0.163672  0.382857 0.026828 0.010345 0.024603
109.81142  56.964031 29.047419 4.979859 —0.037515 1.316934
0.314257 0.003772  0.096357 0.015396 0.001986 0.004712
9.257092  56.144485 24.917694 0.420113 —0.045791 1.129518
0.296066 0.372777  0.968197 0.014552 0.019496 0.048363
20.982077  56.283875 31.781252 0.97028 —0.013144 1.469603
0.877833 0.645475 1.583921 0.042997 0.031818 0.077544
36.684284  55.810974 30.209324 1.710668 0.008744  1.408876
0.488916 0.196214  0.468427 0.03308  0.013254 0.031724
141.16222  58.187138 29.347303 6.653961 —0.103088 1.383345
0.212953 0.021724  0.051527 0.025085 0.002567  0.005873
11.245579  58.85553 24.206007 0.530103 —0.096663 1.140908
0.194676 0.203456  0.488588 0.023464 0.025767  0.058105
13.898205  58.271473 30.048801 0.660145 —0.107906 1.427245
0.263976 0.276971  0.668889 0.034464 0.036336  0.087267
34.933685 57.602276 29.069874 1.679828 —0.077106 1.397883
0.228527 0.09443  0.220684 0.013212 0.005646 0.012519
2.533786  56.453278 20.535442 0.121882 0.040449 0.987914
0.184263 0.781981 1.615848 0.010878  0.045748 0.0925
12.006454  58.793819 28.411596 0.585921 —0.13634 1.386483
0.340915 0.400301 0.897  0.021253 0.024955 0.056068
131.77733  56.735764 29.015278 6.458368 —0.036055 1.422029
0.40369 0.043834 0.103865 0.035307 0.003818  0.009085

13088.851  H(79)c

13497.519 H(112)y

13557.561  H(98)3

13595.488  H(78)c

13601.029 He(78)ax

13860.748 H(111)y

13976.897 H(97)8

14128.615  H(77)a

14134.372  He(77)ax

14237.129 H(110)y

14413.706  H(96)8

14419.58  He(96)3°

14627.262  H(109)

14689.985 H(76)a
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*1 4
Table 1 Continued
Av Velocity AV Ap Frequency® Av Lab.Freq.? Fitting
/(Kkm-s™) /(km-s™!) /(km-s™') /(K-Hz) /MHz /MHz /MHz  Results
11.41066  56.960648 24.130444 0.559224 0.02823 1.182623

14695.971 He(76)a
0.373624  0.40959  0.88672 0.031718 0.033024 0.075073

28.123127  55.787838 28.958981 1.395088 0.010525 1.436555
14868.909 H(95)8
0.22338 0.113725 0.262654 0.012846 0.00652 0.015003

26.890013 57.862785 28.92638 1.34853 —0.093432 1.450631
15031.781 H(108)~y

0.744743  0.398652 0.917886 0.034155 0.018229 0.042082

238.74646 57.313675 30.3388 12.15699 0.031277 1.494537
15281.493 H(75)cx
4476749 0.476175 0.376042 0.03224  0.001867 0.004482

16.35845  57.16114 25.086868 1.241868 0.077496 1.422134
15287.72 He(75)a
4.476749  0.496082 0.796102 0.031277 0.017347 0.043345

68.648552  57.649376 31.156897 3.514273 —0.084345 1.595101
15343.484 H(94)8
0.737212  0.16166  0.390881 0.032807 0.007217 0.017576

20.846533  57.180706 27.44018 1.074642 —0.060858 1.414536
15451.356 H(107)y
0.552749  0.360093 0.832875 0.030681 0.020007 0.046087

15.059971 58.126423 32.791164 0.784733 —0.11081 1.708746
15618.274 H(117)4
0.85711  0.902814 2.326871 0.04262 0.045135 0.115815

51.117138  58.440018 28.656134 2.700251 0.008756 1.51372
15838.472 H(93)3
0.584672  0.162047 0.368724 0.029723 0.00822  0.019025

212.33719  55.865993 20.316946 11.26983 0.00707  1.555896
15905.19 H(74)a
0.81684  0.055142 0.132017 0.072056 0.004859 0.011462

18.59482  57.579796 25.469906 0.9848  0.05724  1.349628
15911.671 He(74)a
0.773551  0.53256  1.250096 0.067746 0.046214 0.110188

15.709402  55.733959 31.604656 0.839569 0.014217 1.689076
16018.877 H(116)5
0.580554  0.559271 1.411399 0.031399 0.030553 0.075796

# The fitting value of the frequency corresponds to the peak flux density in the spectrum.
The minus value means the fitting value is smaller than the rest frequency measured in
the laboratory.

® The laboratory frequency of the molecules has been checked from the splatalogue web-
site.

¢ A recombination line of lower flux that is visible at almost all scans with the % value
of 6.90.
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The velocities for different lines
T T T T T T T
61 F __ Systemic velocity: 56.00 km-s*

--- Average velocity: 57.47 km-s!

60 -
2 }
& 59 i
=
> } { [
=58 (X}
ER RS & S i -
2 57| } i 3 I ] ]
I b 3 [ .
56 T T J. =
55 " 1 " 1 " 1 " 1 " 1 " 1
13000 13500 14000 14500 15000 15500 16000
Frequency/MHz

B 1 R[N BRI A, X% 2 A LA 5 M A SRR, L4 WS 1M RS54 56.00 km-s™1, Bt
NP A TR TS, 21N57.47 km-s™ 1 IREHEFRRIUEIRE, 1T0.003-0.903 km s~ Z[f].

Fig.1 The velocity fitting values corresponding to different spectral lines. The fitted values of the
recombination lines are represented by dots. The solid line corresponds to the systemic velocity of W51M,
which is 56.00 km-s~'. The dashed line corresponds to the average fitting velocity value, which is about
57.47 km-s~'. The error bars correspond to the fitting errors, which are between 0.003 and 0.903 km-s™'.

x2 BEMWIMEH
Table 2 Calculated parameters of W51M

n T./K Vt/(m-sfl) Nnet)

Nt
74 6158.62 14408.176 0.0925
75 8505.70 13804.278  0.0892
76 7585.75 13323.686  0.0965
7 8045.24 13299.243 0.0818
78 6512.00 14001.655 0.0884

Average Value 7361.462 13767.408 0.08966

4 hHe

WHLMAE — A kR 15 2 T B K. 2 b X 358 — 0 o it U0 2, AR
R A T MR M, Tk T R, A SR U R e e B R X,
BIUCH K. TG AME B KARMT, 2 DIFEIRES T > Tb I o540 A4 T4 2 B3 43090,
FUHP IR O TR T2 ph A T AN HR B o T P O e e, B LR
Lo BR AR BRI, BRI S Eh A o 1R 2 KRB L SR B R LR A 4 Tk
ARSI, T ATRE0S B3R IR B AL S5 B o3 AL B
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Fig.2 A diagram of the verification results. The lower horizontal axis in the graph is for velocity, whose
unit is km-s~', and the upper horizontal axis is for frequency, whose unit is MHz. The above panels have
been fitted by the baseline and Gaussian fitting, and the corresponding recombination lines have been
marked in each frequency window. It can be seen from the figure that the antenna temperature of the
hydrogen recombination lines are relatively high when those five main quantum numbers are n=74, 75,
76, 77, and 78. They are also the recombination lines with the smallest main quantum numbers, and the

helium lines corresponding to common quantum numbers are all displayed in the spectra.
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Horp v RIS R R SR, cHIGIE, An NHEFIRIERTE N EE TR 2, moNHE TR,
MONIET R, Ry N F R 2 MBI B A, R N T RS T8 55 K i 5
AR W T ok, An=1; X T2k, An = 2. DUKEHE. R BRI He, CH AL
BRLAE, AR RN B, R — It RPIAREEGLT, o &imn. mEdE b
FREE AT, ATHEANE &4, FEFHn = 74, 75, 76, 77. T8SHHAHeHE &
LRI L m, R RS, HMESLMEETHEE T8, BRI RLRE R, 5
g Eb B 3G, I 88 5 P PR ORI B ) BEEE 0 — . SR BN 3 T HOE S I HE He 2
ek, M EAESR BRI SRBLEAT, ELanCIBL(4-8 GHz). L EL(1-2 GHz). T4t
SHIPRE KR, AP AR TE TR A TAR Z AT, B DAL B I FE R B — A 2 KA
C B U FH Al — .
®3 FERNINEALRENER

Table 3 The results of all detected recombination lines

Lines*  Num Av AV Te oT.? Vi aVi©
/MHz /(km-s~*) /K /K J(os™h) /(mesT)
H(n)a 6 1.396 29.112  8080.013 335.724 13090.090 460.793
H(n)p 6 1.445 29.535  8419.536 504.24 13219.573 388.526
H(n)y 6 1.423  29.584  8460.762 846.481 13241.666 663.174
H(n)é 2 1.699 32,198 10001.522 368.932 14411.007 265.240
He(n)a 5 1.245 24.762 18576.632 2074.076 10867.479 437.662
He(n)3 1 0988 20.535 12200.093 0.000 9191.415  0.000
He(n)y 0 - - - - - -
He(n)d 0 - - - - - -
mean(H)? - 1.449 29.689  8488.246 786.956 13306.499 622.520
mean(He)® -  1.202 24.058 17513.875 3038.434 10588.135 751.478
mean_all’ - 1.392 2839  10571.083 4131.292 12679.185 1317.847

274 <n < 117, which can be seen from Table 1 for details.
® The RMS value of Ts.

¢ The RMS value of V;.

4 The various mean values of H recombination lines.

¢ The various mean values of He recombination lines.

f The term “mean_all” means the mean value for all detected spectral lines.

S E L TR, BN B 3 25 B AR (R LT ). 2 #HETEm
Wit s, HARETEHI AN

Avy _12x 10~ %lnn
~ 2

(n > 20). (4)

IZ0) n

Hor AvnZRon H AR BT MME, vodR o Re 8 W 4 X B AR . DLH(75)a N, n = 75,
vo = 15281.493 MHz, H1GAvy ~ 14 Hz, HHAS EARETE A DLZNE . 223835058 S 1)
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Observation of H and He Recombination Lines
in W51M Mobolecular Cloud

ZHANG Yan-kun'? ZHU Feng-yao® TANG Meng-yao*
QIN Sheng-li*  WANG Min'2
(1 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(4 Department of Astronomy, Yunnan Unwversity, Kunming 650011)

Asstract W51IM (W51 Main) is a massive star-forming region associated with the
Hy; region, in which numerous molecular lines, H and He recombination lines can be
detected. Study of these lines is helpful to understand the properties and physical
environment of W51M. Based on the observation data of the Tianma 65-meter telescope,
owned by Shanghai Astronomical Observatory, Chinese Academy of Sciences, the H and
He recombination lines of the main quantum number between 74 and 117 were detected.
Combined with their Doppler broadening, the electron temperature of the nebula was
calculated. It was found that the electron temperature of the Hy; region was about
7400 K, and the He™ /H" ionic abundance ratio was about 0.09, which was basically
consistent with previous results. Considering the high signal-to-noise ratio of those
recombination lines, i.e. H(n)a (74 < n < 78), the calculated average turbulent velocity
of W51M is 13.767 km-s~*. This work discusses the identification of recombination lines
in W51M or other Hyj regions, and the acquisition of electron temperature, turbulent
velocity, and other physical parameters, such as electron number density, the element
abundance, and star formation rate. So it is of positive significance for future study.

Key words spectral lines: recombination lines, interstellar medium (ISM): Hy; region,
ISM: clouds, ISM: molecules, centimeter: ISM

13-17



