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PHYSICAL CHARACTERISTICS OF G331.5-0.1: THE LUMINOUS CENTRAL

DISCOVERY OF AN EXTREMELY HIGH VELOCITY, MAS: REGION OF A GIANT MOLECULAR CLOUD

IOLECULAR OUTFLOW IN NORMA
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ABSTRACT
We report molecular line and dust continuum observations toward the high-mass star-forming region G331.5-0.1
one af he most 1uMinoUs regions of massive siar formation in the Milky Way. located at the angent region of
the Norma spiral arm. at a distance of 7.5 kpe. Mokecular emission was mapped toward the G331 50
inthe CO(J = | —» 0)and C0(J = 1 —> 0) lines with NANTEN. while Its ceniral region was mapped in
CS( =2 — ladJ =5 — 4) with SEST, and in CS(/ = 7 — &) and "COLJ = 3 — 2) with ASTE.
isonc ofthe most s of a giant molecular cloud Continuum e mision mapped at 1.2 mm with SIMBA and af 0.87 mim with LABOCA reveal he presence of six
(GMC). cont tsixn and dense dust from observatians compact and Iuminous dust clumps, making (his Source oneof the most densely populated centralreglons of s GMC
et bmilmcie molocus s it were made sing the Alacama Shomilimers Teleseope (ASTE)and in the Galaty. The dust clumps are assoctated with molecular gas and they have the following average propertes
the Atacama Pathfinder Experiment Telescope (APEX). of an umresolved, extremely high velocity molecular outfow iz 0F 16 pe. mass of 3.2 » 10°M,,. molecular hydrogen density of 3.7 s 10 em ™, dust em peraiure of 32 K.
toward he br nost The outtlow is massive mass o and integraled luminosity of 5.7 x 10° L o, consistent with values found toward olher massive star-forming dust
momentum of ~2.4 x 10 4, kin s kinetie energy of ~1.4 x 10° egs). These values are charac clumps. The CS and fr2 show the presence of 30 velocily components: 2 high-velocity component at
massive stellar objects with Lo ~ 1 10° L. We also report ﬂvsdﬂmnm using the Australia ~—89 km s, seen toward four of the clumps, and a low-velocity component at ~—101 kms ™ seen toward the

(Compact Aty {ALTCA), 08 Gocupest atloonisin s ¢ beaimd t (e et eyt ot chmpe Radio cotns e on s et o oo i el g, i st e
and therefore likely 1o be its driving, ¢ Ithas an spectial et hevcon 8 and s Chzat 11 5 02 estimated for w0 OFemof 0.8 +0.2 and 1.2+ 0.2, A high-velocity molec ular ot s Found at the center of the
ugzcsting ha it might comespond lo  ollmaed el s cmp i e wiah of 2k | e ey o
Subject headings: 1SM: jets and owtflows — ISM: molecul stars: formation J=8-7),a0d50(fg = 85— x =85 — 7)lines provide estimates of the gas rotational temperature
Online matertal: color figue ovand s oufon 130K snd -5 K. respectiv

Ky wonts: ISM: clouds — ISM: molecules - stars: formation
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ABSTRACT
GB1.5-0.1 i helN

1. INTRODUCTION

TheGI31.5- 0.1 radio source cormesponds toa difuse:
of fonized gas of ~4 in size (Shaver & Goss 19703, with hy-

recombination line velocity of ~89 kms~! (Caswell &

s 187). This extended H region is spatially projeeted near
the pmk pasition ofa giant molecular cloud (GMC) located in the
tangent region of the Norma spiral am in the southern Galaxy, at
adistanee of ~ un (Bronfinanetal. 1985, 1989).
Observations at several wavel engths show that the central core of
this GMC harbors one of the most extended, massive, and lumi-
nous regions of massive sta formation in the Galactic disk. From

m ..h.\m IRAS fluxes we estimate a FIR luminosity of 3.6

rongly supported by our analysis of un-

T explanation i
iblished archive Mi izer Space

isscope CLIMPSE surny s, hich how i s g
el ot ande purtocnaton el ver aneglen o~ n
.

o th SIMBA atthe Swidich O Submillimetre Telescope
ISEST), further show that the core conains Six massive dust
concentrations with. total mass of ~1_4>x 10° M. (Nyman et al.
001). In addition, maser emission has been detected in several
transitions of O and CHLOH (Goss et al. 1970; Caswell et al
1980 Caswell 1997, 1998). The presence of hydroxyl and meth-
anol maser emission suggests that G331.5-0.1 is an active mas-

sive star-fomning region, and it is therefore an ideal case in which
1o study the process ofthe formation of protoclusters

We have recently mappedthe line emi ssion toward the whole
G331,5-0.1 core, usiing ASTE and APEX, i several molecular

wransitions [CS(7 — 6)and "*COI3 — 2) with ASTE: CO(3 —
+3), and CO(7 —+ 6) with APEX; M. Merello et al.
2008, in preparation]. In this paper we report o some of these:
observations, which have rvealed the presence of a compact,
massive, and energeticmolecular outflow embedded within the
brightest dust condensation (sec Fig. 3 of Nyman et al. 2001),
We also report high angular resolution radio continuum obser-
vations, made with ATCA, that shavw the presence of acompact
radio source located at he center of the ouiflow, witha speciral
index characteristic 0f a hermal jet. The observed and derived.
sistics of the outflow and radio source suggest that the
ource s a youns luninous (L ~2 = 10° L) prolosicllar

object.

2. OBSERVATIONS

The molecular line observations were made using the 12 m
Aracama Paihinder Experiment Telescope (APEX' ), located at
Liano de Chajnanior, and the 10m Atacama Submillincier Tele-
scope (ASTE). located ai Pampa La Bola, both neas the Atacama.
desert o Chilé, The observed transitions and basic observational
parameters arc summarized in Table |. Colu nd (2) give,
respectively, the observed transition and the line frequency. Col-
unn (3) gives the telescope used., and columns (4) and (5) give
the half-power beamwidth and the main beam eficiency i the

* This ublicaion is partly based on dsta soquied wifh e Atacama Path
findes Experiment (APEX ). APEX is a collaforation between (e Max-Planek:
Tastint i R vstronomi, the Euwopean Sovthem Observstory, and e Onsla
Space Ohnervabry

Online-only material: color figures

1. INTRODUCTION

Massive stars play a key role in the evolution of the G
hence they are important objects of study in astrophysics. Al
thongh el imber i Tt amoler than ek s s,
thy e e princpol st of heavy olenents o Y e
ation mum he proc ymation of stars and planets
(Ballyet al. 2005) and ﬂh,p ,\m chemical, and morphologi-
cal siructure of galaxies (2., Kennicutl 1998, 2003),

Diverse studies show that massive stars are formed in the
denser regions of giant molecular clouds (GMCs; Churchwell
el al. 1990; Cesaroni et al. 1991; Plume et al. 1992 Bronfman
et al 1996). The formation proces of high massstars . o
ever, still under debate (Garay & L izano

requires a study of the physical conditions of lne environment
previous to the star formation or at very early sta
T oive GMCs
in the Southern Galaxy, at I = 331°5 a 071 in the
e it 6165 Nocim il e e ol 1083
1959). Several observations have shown thal the central region
harbors one of the most extended and luminous
fegions of massive star formation in the Galactic disk, Single
dish radio continuum observations show the presence of an
extended segon of onzed g (ABLS0.1), with n anler
sizeof (projectedsize6.5-8.7 peat a distance of 7.5 kp
losato1h peak CO posionf e GMIC (Shavet s Goss 550,
Conel & Haps 1967, Brom clsces i, of o Hilhe
and H110a hydro s, Caswell & Hay

recently formed massive stars cannot be detected al optical
wavelengths because they are embedded within regions with
high dust extinction. Another problem arises from theoretical
considerations: a tar with a mass arger than eight solar masses
starts burning hydrogen during the accretion phase and theradi-
ation pressure may halt o even reverse the infall process (c.z
Larson & Starrfield 1971; Kan 1972 Yorke & Kruegel 1977
Wolfire & Cassinelli 1957; Edgar & Clarke 2004: Kuiper et al.
2010). Due 10 these difficulties, a paradigm that explains the
formalion of massive stas does not exis! (Zinnesker & Yorke
Ostriker 2007),contrary tothe sucoess ul model
accepled for low mass stars. Understanding the physical process
that dominates during the early stages of the formation of mas-
sive stars and its influence back on its harboring molecular gas

s
{1987)deermined natthelinecenaalve ety or e lonized g
is ~—89 km 5. similar 1o the peak velocity of the GMC. Th
dynamicaltimescale of the region of ionized gas is ~8.5.x 10° yr,
and the rate of onizing phoions required 10 excite the Hit
fegion s 1.1 10!, In addiion, [RAS abseriations show the
presence of an extended source. with an angular size similar to
hat of the onized region and FIR luninosity of 3.6 x 10° L.
‘While both the ionizing photon rate and the FIR luminosi
could be provided by a single 04 Zero-age main sequence
(ZAMS) slar, it is most ikely thal the ionization and the heating
Of the region is proviced by a cluster of massive OB stus.
“This explanation is supported by Midcourse Space Experiment
(MSX) and Spitzer Space Telescope-GLIMPSE survey data
which show that ther are s everal sies of mass e star formation
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ABSTRACT
e OJec of s Sy i O of the it enrgeric nd MO TOISCU outlows known n te Galasy,
331,512,103, Olbservations with ALMA Band 1 (350 GHI, 0.5 mm) eves a very compact extteniely yourng
bipolar outlow and a more symmetric outflowing shocked shell surourding a very small region of onized gas
‘The velocities of the bipolar outiow are about 70 km s~ on either side of the systemic velocity. The expansion
velocity of the shocked shell is ~ 24 km s~ implying a crossing time of about 2000 yr. Along the symmetry axis
of the outflow, there is a veloeity feature, which could be a molecular “bullet™ of high-velocity dense material. The
source is one of the youngest examples of massive molecular outfiow found associated with a high-mass star

“Depart Asconomy T TX "B712-
¥ Korea Astronomy and o, \mnr;};u E)aﬂ](-m 34055, Republic of
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Abstract
ABSTRACT
We proser ions and analysis of th utflow (1331.512
with ALMA. band 7, continuing the work from [Merello et al] mm,\ Soveral lines were' identified
in tho obsarved bundwidth, conssting of (o, groups: T with wiFrow proflos, tracing tho omisrion
from tha core anbient modiua and ins with broad velocity wings,tacing the outllow and shoclad &
g5 emission. The physical and chemical conditions, such as density, wemperature, and fractional KeCat of ives \owand the cental ocke; A Lol of 70, Ly of A/E-CHOH i A/ J CHON) weae iy
i i cali il Tha abliss inalhin, 6. on sl &' S Gy S oo § 308 inclucing torsionally excite tmnsitions of CHLOH {1, = 1). In @ sesch for all the isolopologucs, we identiied
and  tnperars of ~ TOK. Tho S0 s S0y, cntsion it vy deno ad ot part o the wansiions of '“CH{OH. The physical conditins were derived considering colisional and radiative processes. We
Hiccki ot with vaincs of g, o 108 3 anct T s 160 - 00K, Thi arprotation of tha found common temperatues for each A and E symmetry of CH.OH and CH,CN: the derived column densites
molocular emission suggests an expanding cavity seometry pmml by stellar winds from & new-born indicate an A /Eequilibrated atio for both tracers. The results reveal that CHLCN and CH{OH trace a hot and cold
UCHII region, alongside a massive and high-velocity molecular outflow. This scenario, along with component with Ty - 141 K and T 74 K. respecively. In sgroement wilh previous ALMA observasions, the
estimatod physical conditions, is modolod using the 3D geometry radiativo transfor codo MOLLIE models o tha the emision region s comut 5575 wih gas density n(i) =071 10" e\ The
for the SiO(1= 8 — 7) molecular line. The main features of the outflow and the expanding shell are CHLOH /CH,CN abundance ratio and the evidenees for prebiotic and eomplex org suzgest a ieh
reproduced by the model, and active chemidty toward G331.512-0,103.
Subject headings: 1M: clouds

Spectral line surveys reveal sich molecular reservoirs in G331.512-0.103, 2 compact ndio source in the center of
an energetic molecular outfiow. In this first work, we analyze the physical conditions of the souce ‘nv means of
CH,OH and CH.CN. The observations were performed with the APEX Telescope. Six diferent system

configurations were defined to cover most of the band within (292-356) GHz; 4 4 consequence, we Seeneda

he massive molecu

Key words: 1SM: jels and outflows — ISM: melecules — stars: formation
Online-onty material: color figures
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CTION outllow properties incuding age. In forthcoming papers, we will
1 INTRODOCTION describe the full set of molecular lines observed with ALMA
“The formation of massive stars has a major impact on the ~ Band 7.
surrounding interstellar medium, and egions of massive star
formation dominate the star formation appearance of galaxies
While during the last couple of decades significant progress
(both observational and theoretical) has been made in the study
of massive stars and their parental molecular clouds, we are still
far away fromaomplete picture of their formation process (for  in Cycle 0 with 17 (12 m diameter) antennzs in the compact
4 recent discussion about this subjeet, see Kennicutt & Evans  configuration, with baselines ranging from 8.5 mis2EHm Ve

D12) abserved asingle feld of View centered atetxyy

Massive s rapidly affect thelr sumoundings, o culch- -y = —SI°28'384. The primary beam was |7 s .mu \m
ing one early in the formation process can provide val-  synthesized beam was V38 x 068, witha position angle (PA.)
able insights. Since they form rarely compared with their  of —37.6. The integration time was 34 minutes on source, with
10W-MasS counlerparts, Most are al large distonces, making  an additional 24 minules on calibrators. The nearby quasar
high-resolution abservations challenging. The Atscama Large 11604446 was used for fiux calibration, and J1427—421
Millimeter/ submillimeter Array (ALMA) provides thecapabil-  located at 27:7 from the G331.512-0.103 source, was used
ity of studying distant objects in the Galaxy with good spatial  for phase and bandpass calibrations. The dala were processed
resolution and sensitivity. asing the Commen Astronomy Software Application (CASA;

“The G331.5-0.1 molecular cloud s a giant, elongated (178 McMullin et al. 2007), and the resuliing maps have cells with
by 41 po) chmut i e o i &£ i of of 0714, with 254 cells in each spatial dimension. Our
7 i kpe, with 4 total CO mass of 8.7 x 109 A images were obtained considering a “briggs” weighting mode

2. OBSERVATIONS AND RESULTS

ISM: molecules — ISM: jets and outflows — stars: formation Key words: 1SM: molecules — molecular processes — mdio lines: ISM

The observations were performed on 2012 January 12 at
frequencies around 350 GHz (0.86 mm) with ALMA Band 7 R
7 1. INTRODUCTION

"he formation of massive stars is an important topie in
stella atrophysis that i opes fo debate. Despite the
ealth of knowledgo that s boen oblaine on young
massiva stollar sources, sl here i o amiversal o
ment on how massive stars are formed and evolve (Garay et alJ2014). The injection

7

0 [imiocker & Yorke pO0Y: Kenmleatt & of momentum and onergy ffoma i importan:
in star forming regions at small and large spatial scales

although the rale of foedback at different stages. (JF of proto-

ward proostellar objects, and observed physical prop-
erties such as ouiflow power, force and mass loss rate,
scoms to correlate over 2 larga range of luminosities, sug-
gesting that outflows found in. massive star forming re-
gions are a scaled-up version of those found in their low-

L. Introduction molecular cores (Sandell et al. 1994; Wyrowski et al. 1999,
Jorgensen et al. 2004: Beuther et al. 2005; Fontani et al. 2007
Fuente et al. 2014; Giannetti et al. 2017). In addition, from a
chemiic al point of view, CHyOH and CH,CN are considered as
et e dghter clecles, resecvel,in be e of
interstellar molecular formation (.., Nomura & Millar 2064),
Wih trat motiion, ve sircd 3 ystematic sudy of G331

beginning  with spectral Mmlw‘w of A/E-CH;OH and
AJE-CHCN,

G3I1512-0.103 s ane of the mast lrninous and energetic
molecular outlows known in the Galasy. All of the system is
embedded in @ sarforming region known as G331540.1
located in the Norma spiral am at a distance of ~7 . This
source exhibits typical H Il region properties and intense maser
emission of OH and CH;OH (Caswell 1998: Nyman et al.
lar evolution is still not clear (Frank et al [2014 [Bally 2001, Bwalhan el 41, J06): A (o oias af (18 tysient, 3
S S i il ==tk “prim- young and massive stelar object dives a bipolar flow of

Gipal objective is to identify and characterize examples of around $5M,, with a momentum of ~24 x 10° M km s !
joung, massive and powerful outflow-associated sources; Radio continuum observations have revealed a compact and
as is the case for the work here. central nmummmmw with a dust core. The central region
The present work focuses on cond-resolution e R

heto & an aceopted paradigm on how low.ms stars
form and evolve (Shu et al|[1657). However, problems
img sources, Jarge heliocentric dis-
tances (several kpe n some cases) and the lack of ap-
propriate spatial resolution (that as been_addresed
with interferometers such as ALMA just in recent. yeas

1.4, The Tracers CHCN and CH,OH
CHON (methyl eyanide) is a symmetric top molecule. The

v:1812.09779v1 [astro-ph.G

e

x 10° M, from C'0 emission) and 4 total m(r.ued lumi-
m-\m‘o[ 36 3 10° L, (Bronfman e al, 2008: Merello el al.
)13). making it one of the most active and extreme high-mass
star-forming environments in our Galaxy. The central region
hosts an exiended Ht eglonnftate source and & pumber
of ultracompact Hur ( fons. Maps 2t submillimeter
bl s 45 oA s, masses above
10* M, and average gas surface densilies of 0.4 g cm™", Single
dish spectral Line observations with the Alacama Submillimeler
Telescope Experiment and the Atacama Pathfinder EXperiment
(APEX) of one ofthese sources, MM3,fevealed extremely broad
(80km s~') wings on lines of CO, CS (Bronfman et al. 2008)
SO, and SiO (Merello et al. 2013), This highly massive and
aedic outflow, G331.512-0.103, is unresolved spatially in
beam,
Here we present observations with ALMA, that resolve the
512—0.103 molecular outtlow, allowing derivation of the

on the data with robust =0.5. The four spectral windows have
a bandwidth of 1875 MHz containing 3840 channels, The
‘separation betweeneach channel is 488,281 Kz (0.4215 kms ™
al 357.3 GHz). The bands were centered at 34579599 GHz.

While a rich spectrum of lines was observed, this Letter fo-
cuses on the lines of SiO(8-7) (347.33058 GHz), HCO*(4-3)
(346.99835 GHz), HCO*(4-3) (35673424 GHz), and CO(3-2)
{345.79599 GHlz), mostly diagnosing the outflow and ifs inter-
action with the surrounding cloud. Table: | presents the four lines
reported in the present work, the noise for ach, the peak flux
density, and the velocity at the peak. The rms noise wasassessed
over a region of 35" x 35" centered on the source, awiding a
square area of 117 insize centered on the emission. For line-ree
channels, the noise was ~0.014 ]y beam™', However, for strong
emission |ines, the noise is lager, presumably because of in-
complete v coverage. On the channels of maximun intensity.

ar:

the subject of formation of massive stars an open
question. Two main theories compete on trying to ex-
piain this meckanim: tho menoiithic gravitational col
lapso/turbulent core accretion model (McKee & Tar]
003, which 1s basically the extension oT The Todar of
‘Tormation of low-mass stars to the massive ongs, but with
higher accretion rates and energetics; and ¢
‘o accretion model @nm‘n'uv

states that low-mass scods That ially To
sive stars compete for the Mlk.mr s In the gravita.
tional potential of their nativo clust

Gince massive stars have very short liftimes, sources
that are currently in the process of formation are very
valuable. Molecular outflows are commanly detected to-

F*E- Al aeoneagua dielgmall com

Hed
ALMA obsarvations o tho masive molacuar outflow
(331.512-0.103 (I (Bron This so1
located in the tangent of the Norma spiral arm, ax a
heliocentrie distanee of ~ 7.5 kpe, and corresponds 1o a
bright MYSO abject assoeiated with the central ragion of
the €331.5-0.1 giant molecular cloud (Ciarcia et ,.muu
with a Hy mass of ~ 5 x 10
of ongoing massive star formation
which we will rofer to asMML3H). The
cs that. make this object vahuabl i umique:
the presence of very broad emission wings in CO,
and Si0), which mdicate the s uF a very puwml
the compact o led at 80 reso-
PEX, Bronfman ot ﬂﬂ)w which we in-
terpret as the outflow Tobes bemg closely aligned with the

transitions \r[ Si0 (8-7), HYCO' (4-3),
€0 (3-2). The observations revealed a rin
«consistent with a cavity, and the existence of a higl
utflow emission confined in a region lower than 5
(Merello etal. 20130, 201 3b: Hervias etal. 2015, In this work,
we present fiew results on the emission of CHyOH and CHACN

toward the central core, denominated hereafier

a5 Gl

As an interstellar laboratory., G331 exhibits active chenisiry
in prebiotic and comple  organic molecules likely simulated

physical processes in the molecular core and ouflaw. With
the Atacama Pathfinder EXperiment APEX Telescope, we
detected a vast nunber of molecular lines potentially linked to
aeservoirs traced by CH:OH and CH.CN. Those racers are
didates 1o unveil the different ph
nents that O- and Nobearing molecules can reveal toward hot

excellent ¢

iclear spin stale of the hydrogen atoms defines whether the
molecule has an ortho () ar para (4) symmery. Rotational
levels of re characterized by bvo quantum numbers
e total angullr momentum (/) and i projection on the axs of
syiminetry (K). Spectial s are associated 1o A-ladder
siuctures whose motation for the A and E configurations are
K= 3nand K= n & |, respectively Solomon et al. 1971
Boucher et al. 1980: Cummins et al. 1983)

CHOH (methanol) is one of the simplest asymmetric-Lop
molecules: however, it spectrum is quile complicated becuse
there is a stong <coupling between torsional nd vibrational
nodes. Methanol also exists in 1W0 species denoted a5 A and £
depending on the nuclear spin alignment of the three Heatoms
of the methyl group (CH,). The energy levels of methanol can
be assigned with the (olal angular momentum J and it
component K A«m" the symmetry axis (Lees & Baker 1965
Lovas et
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Table 1. H

ined from I
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LTE analysis

Texc =84.6 (3.5) K
N=6.9(0.8)x10"cm 2

D) .

} kv~

JN U — X '111]}:) (1\:
T he3Au

Texc=88.7 (3.8) K
N=58(0.6)x 10"%cm 2

150 175 200 225 250 275 300 325

Texc =89.4 (9.8) K
w,,  N=2.0(1.2)x 10" em -2

450 475 500 575 600 625 650

up /K[K]
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Non-LTE analysis

N(HC3N)=4.5x10%* cm~—2
Tkin= 90 K
n(H2)=2x107 cm~3

(size <= 6")
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13C Isotopologues

3hAv s
873 42 p?2(J;+1)

Isotopologue N
[x 1013 cm—?]

HC3N 69 + 8T
HCC!3CN 6.7 + 0.9
HC3CCN 3.8 4+ 0.8
H!3CCCN 3.7 £ 0.6




Excitation of the v=0 and v7=1 lines
I J=38-37 nc (80-100 K) ~ 1.5 x 107 cm-3

n(RADEX)~2 x 107 cm~3

~. rotational transitions in LTE

nc (v7=1-0) ~4 x 108 cm—3

= (Wyrowski et al., 1999)
—» IR pumping (dust)
v=0
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Excitation of the v=0 and v7=1 lines

Tdust ~ Tvib

_ 1.8625 x 1077 (

1016 cm

. <04 (ZAMS)
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Isotopologue abundances

Isotopologue N X L OFEL 6
[x 103 em™2]  [x 107 M]

HCaN 69 + 8T 79 — 62
HCC!3CN
HC!'3CCN
H!'3CCCN

[HCCCNJ[HCCCN]:[H”CCCN] 1.8(40.5):1.0:1.0(+£0.4)
C2H2. + CN > HCCCN + H ’ /

3 - 13 ; ' 1,. 2
.H2C2 gl CN . HCC**CN 'y;l‘\ m

[HCC'*CN]:[HC'*CCN]:[H'"*CCCN] = a:b:c, with a>b~c
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Isotopologue abundances

Frequency [GHz] Frequency [GHz] Frequency [GHz]
217.425 217.4 ; 226.475 235.55 235.525

244.575 244.55

3CCCON (26-25)

-100 -75 -
Velocity [km/s] . Velocity [km/s]
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Emission of HC.N

Merello et all. 2013 , Hervias-Caimapo et al. 2019

SiO

8180 )

HCO+ “Broad” ||nes (~ 160'200 K)
Hecn  (Shocked gas and outflow)

HC.N

St “Narrow” lines 70 K)
CH,CCH (colder ambierit ¢ore)

HeC@'
: d‘\h‘”’

-60.0 km/s

16%12™1055 1051 0858
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Emission of HC.N

amblernt core
expanding shelt CHz OH

emizalon

::rurf.rnw
S50 S0» H?CcOD
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