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|. Scientific context

High-mass star formation & Complex molecules
Presentation of W43-MM1

|. Data

ALMA Dataset
Continuum emission : substraction

Il.  Analysis and results

Protostellar activity in W43-MM1
Method we use to identify the molecular lines
Molecular content & analysis of a massive prestellar core candidate

Conclusion



Il — Data [l — Analysis and results
Massive star formation

(2) Prestellar phase

?

(3)Protostellar phase (~10° years) (4) Hll regions (~10°-10°years)
lonization,
expansion

' Gas inflows, protostellar
#E  accretion and ejection

(e.g. Beuther et al. 2002; 0.01-10 pc
Csengeri et al. 2011)

(e.g. Churchwell et al. 1999;
Zavagno et al. 2007)

Radiation pressure overcome the accretion

Is an equivalent phase of low-mass stars prestellar cores exists for high-mass stars?

Difficulties to find high-mass prestellar cores :
o Number of high-mass stars lower than the number of low-mass stars
o Lifetime : 1-7x10% yr for prestellar cores vs 3x10° yr for protostars (Tigé et al. 2017)
o Formation in clusters
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Complex molecules

Il — Data

[l — Analysis and results

New radio-telescopes provides high spectral sensitivity
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Molecular
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UV irradiation

&

Chemical
processing

Relative distribution of molecules

Physical conditions

>

Reactions : gas phase + on grains

Understanding of the chemistry of the ISM
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Dlstance : 5,5kpc from the sun:
Location : Galactic bar

: | =30°
b=0°
Fhs
Aquila. 2
. :
. g : o 21"
Most massive core of W43 (=3600M,) o S =
o) T _bho &
SFE = 0.25Mg/yr (Motte et al. 2003) = :
- . ¥ 8 | —
OH, H20 and CH30H masers -> stellar activity i
Several cores at the same distance " | @beam " ,
. . ] . ) ‘ ‘ , ) 1 onyetaI.L(ln pre)p)
and with the same high resolution 18777 AT, 45 % ga a0 5

J2000 Right Ascension 4
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Il — Data [l — Analysis and results

Dataset : Observations

ALMA interferometer

30m antenna IRAM

Projects 2013.1.01365.S and 2015.1.01273
(Cycle 2 and 3, ALMA+ACA)

Mosaic of 33 fields

Band 6 (1.3mm)

Total bandwidth : 4 GHz

Spectral resolution : 122-976 kHz

Spatial resolution : 0.5" (2400 AU)

Distribution of molecules

Cores characterization

Project 019-17

Bands : 1.3mm, 2mm, 3mm

Total bandwith : 154 GHz

Spectral resolution : 195 kHz

Spatial resolution : 9-30" (0.2-0.8 pc)

® Molecular complexity
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Dataset : ALMA Spectra

7 narrow bands (160-520 MHz), centred on lines of interest near 220 GHz
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Continuum : Difficulties to determine the level

e Extreme cases

Noise << Molecular emission Noise >> Molecular emission
Continuum .
- Continuum
_ =
channels of
mean of channels

minimum emission

* More complex (realistic) spectra

Mi'um>k<

? — Statistical method to determine
the continuum level

? —>
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Continuum : Necessity to work by pixels

e Each source is different from the others

32"

730

J2000 Declination

34"

—1°54'35"

18M47M46°,7 46°.6 46%.5 46°.4 46°.3 46°.2 46°.1
J2Z000 Right Ascens icn

15t core continuum channels are not the
same as for the 2" core, because of :
- a different velocity (Doppler effect)
- a different molecular content

channel
Must treat each source indepentendly !

First continuum map
or
A lot of sources

Automatic method to
determine on each pixel
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Continuum : Subtraction method

Use the distribution of intensity on each pixel :

- Gaussian part - Noise

- Tail &> Molecular emission (right) or absorption (left)

70
Data
EMG fit |

Counts

%0 ‘ Continuum level

N L L —T |r| ’_LI ﬂ—| l_ll_q ﬂ ﬂ1 n
IF.EZ 1.24 1.26 1.28 1.30 132 1.34 1.36 1.38 140
Brightness

Well fitted by the Exponentially Modified
Gaussian (EMG) :

A

2u+Ao-2x 2 _
Fune@) = A2 erfo AT X

N

0 A = symmetry coefficient oo
>

tail gaussian

0 5 10 15 0

10



| — Scientific context Il — Data [l — Analysis and results

Continuum : Error estimation by simulation

Sanchez-Monge et al. (2017) - can't estimate the error with the fit - Simulation
Use of synthetic spectra with fixed lines parameters (FWHM, density ...) based on observations.

Relative Error (%)

Different relative errors for different ratios C:N:M
C = continuum value
N =rms

M/C I M = maximum of molecular lines emission

Typical values in W43-MM1 dense cores

5 10 15

C/N

Error < 2% for continuum > 30
Error < 1% for main sources

11

contours : 1%, 2% error
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Continuum map reveals high-mass cores

10.25
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0.0
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Continuum map reveals 131 sources, including 13 high-mass protostellar cores with
masses from 16 to 100 Mg, (Nony et al. in prep).



Specific Intensity [Jy/beam]

| - Scientific context Il - Data
Protostellar activity of W43-MM1

3 cores selected for the analysis A > (,;;Dhﬁi)veta'- (in preg)
2, W
Core RA Dec. FWHM  SPmm  Tawst  Meore I} /(
[J2000] [J2000] [AU] [mJy] K] Mg 100
1 18:47:47.02  -1:54:26.86 2300 5992 6 T74£2 102L£5 — 1B
3 18:47:46.37 -1:54:33.41 1200 2224+ 2 45+£1 |59 %2 8 R
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Core #3 and 6 have the same mass (60Mg) in the n 0

same size (1300AU).
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Outflows from core #3, but core #6 shows no outflow 18847™46%  46% a6
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What is the identity of core #67? 13
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| — Scientific context Il — Data
ldentification method

For each molecule :
- ldentification of transitions based on CDMS and JPL databases
- Superposition of the corresponding lines normalised

[l — Analysis and results

Lines without contamination have : T | 0 e ]
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Detected species in cores #3, #6, and #9

Tex [K] N x10%° [cm2] Tex [K] N x10%° [cm™2] Tex [K] N x10% [cm?]
? *

CH;OH * 302 + 60 8000 * 397 344 £ 92 2000 *
13CH,0H 210+43 120+ 20 1 transition 205+42 37+8
CH,20H 161 +52 294 not detected 92 +50 39+14
CH;CHO 150 + 60 11+1 30+15 4+2 110 £ 62 2.1+0.5
CH;0CH, 145+8 190 + 20 1 transition 185+ 40 50+10
C,H;OH 91+8 47 +7 not detected 67 £12 9+3
CH;0CHO 195+ 25 180+ 20 741 6" 256 £ 115 4010
13CH,CN 131+62 09+0.2 not detected 154 £ 55 0.2+0.1
HC(O)NH, 180 + 60 2.5+0.6 not detected 110+ 40 05+0.1 f high uncertainty
C,HCN 206 + 15 9+1 not detected 190+ 70 1.9+0.4 * optically thick

25 species identified in ALMA data

— Possibility to map their distribution =0 C*0 HcO*  H,BCO
Sio CH;COCH, 13¢s H,C3%s
Typical values of hot cores for cores #3 and 9 0Cs * 0Cs 0C*s SO
Core #6 is colder DCN HCN - ECEEC
Av = 3 km/s for core #6 80% of lines identified
Av = 5 km/s for core #3 and 9 1o




CONCLUSION

W43-MM1 may contain a good high-mass prestellar core candidate:
- No outflow observed (no sign of star formation)
- Colder than nearby hot cores of the same masses.

PROSPECTS

Modelization of the source #6.

Identification of more species with ALMA core #1 and 30m spectra analysis.
Maps and molecular content (N, Tex) of all high-mass cores : put an
evidence on the evolution of the cores?

Thank you !



