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U
nbiased

spectral
surveys

are
pow

erful
tools

to
study

the
chem

istry
and

the
physics

of
star

form
ing

regions,because
they

can
provide

a
com

plete
census

of
the

m
olecular

contentand
the

observed
lines

probe
the

physicalstructure
of

the
source.

A
im

s.W
hile

unbiased
surveys

at
the

m
illim

eter
and

sub-m
illim

eter
w

avelengths
observable

from
ground-based

telescopes
have

pre-
viously

been
perform

ed
tow

ards
severalhigh

m
ass

protostars,very
little

exists
on

low
m

ass
protostars,w

hich
are

believed
to

resem
ble

our
ow

n
S

un’s
progenitor.To

help
fi

llup
this

gap
in

our
understanding,w

e
carried

outa
com

plete
spectralsurvey

of
the

bands
at3,2,

1,and
0.9

m
m

tow
ards

the
solar

type
protostar

IR
A

S
16293-2422.

M
e
th

o
d
s.

T
he

observations
covered

a
range

of
about

200
G

H
z

and
w

ere
obtained

w
ith

the
IR

A
M

-30
m

and
JC

M
T-15

m
telescopes

during
about

300
h

of
observations.

Particular
attention

w
as

devoted
to

the
inter-calibration

of
the

acquired
spectra

w
ith

previous
observations.A

llthe
lines

detected
w

ith
m

ore
than

3
σ

confi
dence-intervalcertainty

and
free

from
obvious

blending
e
ff

ects
w

ere
fi

tted
w

ith
G

aussians
to

estim
ate

their
basic

kinem
atic

properties.
R

e
s
u
lts.M

ore
than

4000
lines

w
ere

detected
(w

ith
σ
≥

3)
and

identifi
ed,yielding

a
line

density
of

approxim
atively

20
lines

per
G

H
z,

com
parable

to
previous

surveys
in

m
assive

hot
cores.

T
he

vast
m

ajority
(about

tw
o-thirds)

of
the

lines
are

w
eak

and
produced

by
com

plex
organic

m
olecules.T

he
analysis

of
the

profi
les

of
m

ore
than

1000
lines

belonging
to

70
species

fi
rm

ly
establishes

the
pres-

ence
of

tw
o

distinctvelocity
com

ponents
associated

w
ith

the
tw

o
objects,A

and
B

,form
ing

the
IR

A
S

16293-2422
binary

system
.In

the
source

A
,the

line
w

idths
of

severalspecies
increase

w
ith

the
upper

levelenergy
of

the
transition,a

behavior
com

patible
w

ith
gas

infalling
tow

ards
a
∼

1
M
⊙

object.T
he

source
B

,w
hich

does
notshow

this
e
ff

ect,m
ighthave

a
m

uch
low

er
centralm

ass
of
∼

0.1
M
⊙ .

T
he

diff
erence

in
the

restvelocities
of

both
objects

is
consistentw

ith
the

hypothesis
thatthe

source
B

rotates
around

the
source

A
.

C
o
n
c
lu

s
io

n
s.

T
his

spectralsurvey,although
obtained

w
ith

single-dish
telescopes

ata
low

spatialresolution,allow
s

us
to

separate
the

em
ission

from
tw

o
diff

erent
com

ponents,
thanks

to
the

large
num

ber
of

lines
detected.T

he
data

of
the

survey
are

public
and

can
be

retrieved
on

the
T

IM
A

S
S

S
w

eb
site

⋆
⋆
⋆
⋆.

K
e
y

w
o

rd
s
.stars:protostars

–
m

olecular
data

–
line:identifi

cation
–

astrochem
istry

⋆
B

ased
on

observations
w

ith
the

IR
A

M
-30

m
telescope

(IR
A

M
is

supported
by

IN
S

U
/C

N
R

S
(France),

M
PG

(G
erm

any)
and

IG
N

(S
pain)),

and
w

ith
the

JC
M

T-15
m

telescope
(operated

by
the

Joint
A

stronom
y

C
entre

on
behalf

of
the

Particle
P

hysics
and

A
stronom

y
R

esearch
C

ouncilofthe
U

nited
K

ingdom
,the

N
etherlands

O
rganisation

of
S

cientifi
c

R
esearch,and

the
N

ationalR
esearch

C
ouncilof

C
anada).

⋆
⋆

Tables
2–4

are
available

in
electronic

form
at

h
t
t
p
:
/
/
w
w
w
.
a
a
n
d
a
.
o
r
g

⋆
⋆
⋆

S
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T
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chem
icalcom

position
of

the
gas

from
w

hich
the

star
form

s
is

w
ellknow

n
to

influence
the

process
of

the
star

form
ation

and
be,

in
turn,

influenced
by

the
process

itself.
T

he
first

obvious
exam

ple
is

thatthe
Jeans

m
ass

depends
on

the
gas

tem
perature,

w
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turn,is
setby

the
m
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range
of

densities
and

tem
peratures.T

he
chem

icalcom
position

of
the

gas
is

of
param

ount
im

portance
because

the
cooling

is
dom

inated
by

diff
erentspecies

as
a

function
of

the
gas

tem
pera-

ture
and

density
and

the
elem

entalabundance
( G

oldsm
ith

2001).
A

second
classicalexam

ple
is

the
slow

contraction
ofthe

prestel-
lar

cores,w
hich

is
governed

by
am

bipolar
diff

usion.Since
only

ions
feel

the
m

agnetic
field

that
counteracts

the
gravitational

force,the
chem

icalcom
position

ofthe
gas,w

hich
determ

ines
the

ion
abundance,is

crucial.In
addition

to
this,since

the
gas

chem
i-

calcom
position

is
largely

a
ff

ected
by

the
starform

ation
process,

its
study

in
star

form
ing

regions
is

a
pow

erfuldiagnostic
toolto

identify
the

various
processes

at
w

ork.Finally,the
study

of
the

chem
ical

com
position

in
regions

form
ing

solar-type
stars

is
of

particular
im

portance,as
ithelps

us
to

understand
the

form
ation

history
of

our
ow

n
Solar

System
.For

exam
ple,the

com
parison

of
the

chem
ical

com
position

of
com

ets
w

ith
that

of
solar-type

protostars
or

protoplanetary
disks

is
used

to
help

ascertain
the

origin
of

the
form

er
(C

rovisier
etal.2004).T

he
sam

e
applies

to
the

studies
of

the
m

olecular
contentof

m
eteorites.In

particular,
the

claim
thatthe

am
ino

acids
found

in
carbonaceous

m
eteorites

m
ay

have
form

ed
during

the
first

phases
of

the
life

of
the

Solar
System

is
based

on
the

m
easured

large
deuteration

in
the

m
ete-

oritic
am

ino
acids

and
in

the
protostellarenvironm

ent(Pizzarello
&

H
uang

2005 ).In
this

context,unbiased
spectralsurveys

atm
il-

lim
eter

and
subm

illim
eter

w
avelengths

are
particularly

relevant
as

they
allow

us
to

detectheavy
and

large
m

olecules,and,specif-
ically,com

plex
organic

m
olecules.In

sum
m

ary,unbiased
spec-

tralsurveys
atthe

m
illim

eterto
subm

illim
eterw

avelengths
are

a
pow

erfulm
ethod

to
characterize

the
m

olecular
contentof

astro-
physicalobjects,and

the
only

w
ay

to
obtain

a
com

plete
census

of
the

chem
icalspecies.

T
here

are
at

least
tw

o
other

aspects
that

m
ake

unbiased
spectral

surveys
precious

tools
for

studying
the

star
form

ation
process.

First,
in

general
they

provide
m

ultiple
lines

from
the

sam
e

m
olecule,

allow
ing

m
ulti-frequency

analysis
and

m
odel-

ing.
Since

diff
erent

lines
from

transitions
w

ith
diff

erent
upper

level
energies

and
E

instein
coe
ffi

cients
are

excited
at

diff
erent

tem
peratures

and
densities,

they
probe

diff
erent

regions
in

the
line

of
sight.

A
careful

analysis
can,

therefore,
distinguish

be-
tw

een
the

various
physicalcom

ponents
in

the
beam

.If
one

also
adds

the
kinem

atic
inform

ation
provided

by
the

line
profiles,the

m
ethod

can
be

so
pow

erful
that

it
can

identify
sub-structures

along
the

line
of

sight,
even

if
the

spatial
resolution

of
the

ob-
servations

is
inadequate.

In
the

present
article,

w
e

provide
an

exam
ple

of
this

capability
of

unbiased
spectralsurveys.

G
iven

their
pow

erful
diagnostic

ability,
several

unbiased
spectral

surveys
in

the
m

illim
eter

and
sub-m

illim
eter

bands
ac-

cessible
from

ground
have

been
obtained

in
the

past
in

the
di-

rection
of

star
form

ing
regions.A

com
plete

listof
these

surveys
can

be
found

in
H

erbst&
van

D
ishoeck

(2009).B
y

far
the

m
ost

targeted
sources

are
hot

cores,
the

regions
of

high-m
ass

pro-
tostar

form
ation,

w
here

the
dust

tem
perature

exceeds
the

sub-
lim

ation
tem

perature
of

the
w

ater-ice
grain

m
antles,

∼
100

K
.

T
he

com
bined

e
ff

ectof
the

m
antle

sublim
ation

and
the

high
gas

tem
perature

triggers
a

singular
and

rich
chem

istry.A
t

the
sam

e
tim

e,the
relatively

high
densities

(≥
10

7
cm
−

3)
and

tem
peratures

(≥
100

K
)

are
favorable

for
the

excitation
of

several
high

lying
transitions.T

he
resultis

thatextrem
ely

rich
spectra

are
observed

tow
ards

the
hot

cores.
A

bout
a

dozen
hot

cores
have

been
tar-

geted
in

diff
erent

bands
(Schilke

et
al.

1997;
H

elm
ich

&
van

D
ishoeck

1997 ;H
atchelletal.1998;Schilke

etal.2001;Tercero
et

al.2010).O
ne

of
the

m
oststudied

hotcores
is

the
O

rion-K
L

source.S
pectralsurveys

covering
alm

ostallthe
bands

accessible
from

the
ground

have
been

obtained,from
about80

to
900

G
H

z,

detecting
thousands

of
lines

from
hundreds

of
species

and
rela-

tive
isotopologues

(see
forinstance

Schilke
etal.1997;L

ee
etal.

2001;
C

om
ito

et
al.

2005;
O

lofsson
et

al.
2007;

D
em

yk
et

al.
2007;

C
arvajal

et
al.

2009;
M

argulès
et

al.
2009;

Tercero
et

al.
2010 ,

and
references

therein).
In

addition,
the

500–2000
G

H
z

range
is

observed
w

ith
the

H
IFI

spectrom
eter

(de
G

raauw
et

al.
2010)on

board
the

recently
launched

H
ersch

el 1
satellite

(Pilbratt
et

al.2010),in
the

K
ey

Program
H

E
X

O
S

2.
Sim

ilarly,the
500–

2000
G

H
z

range
is

observed
in

otherhotcores,as
partofthe

K
ey

Program
C

H
E

SS
3

(C
h

e
m

ica
l

H
ersch

e
l

S
u

rv
ey

s
o

f
S

ta
r

fo
rm

in
g

reg
io

n
s).

Prelim
inary

results
of

the
surveys

perform
ed

in
these

tw
o

H
ersch

elK
ey

Program
s

can
be

found
in

B
ergin

etal.(2010)
and

C
eccarellietal.(2010),respectively.

A
lthough

being
both

less
m

assive
and

less
lum

inous,solar-
type

protostars
also

possess
regions

w
here

the
dustm

antles
sub-

lim
ate,

yielding
sim

ilar
properties

as
those

of
hot

cores
(see

C
eccarelli

2007,
and

references
therein).

T
hese

regions
have

been
baptized

hot
corinos,to

highlightthat
they

share
sim

ilari-
ties

w
ith

hotcores
butare

notjustscaled-dow
n

versions
of

them
(see

also
B

ottinelli
et

al.
2007).

T
he

interest
in

observing
hot

corinos,w
hose

sizes
are

com
parable

to
the

Solar
System

sizes,
is

am
plified

by
there

being
likely

to
resem

ble
the

Solar
N

ebula.
In

otherw
ords,theirstudy

corresponds
to

an
archeologicalstudy

of
the

ancestor
of

our
Solar

System
.

So
far,

only
one

(partial)
spectral

survey
has

been
obtained

tow
ards

a
solar-type

protostar
( B

lake
et

al.1994;van
D

ishoeck
et

al.
1995).T

he
targeted

source
w

as
IR

A
S

16293-2422
(here-

inafter
IR

A
S

16293),in
the

L
1689N

cloud
(d
=

120
pc,L

oinard
et

al.
2008 ).T

his
survey

partially
covered

the
tw

o
w

indow
s

in
the

200
G

H
z

and
350

G
H

z
bands

accessible
from

the
ground,and

w
as

obtained
w

ith
the

JC
M

T
and

C
SO

telescopes.T
he

sensitiv-
ity

achieved
(∼

40
m

K
)

allow
ed

the
detection

of
265

lines
from

24
species,

nam
ely

the
m

ost
abundant

m
olecules

C
O

,
H

2 C
O

,
C

H
3 O

H
,

SO
,

SO
2

etc.
L

ater,
m

ore
sensitive

observations
have

dem
onstrated

thatthe
IR

A
S

16293
line

spectrum
is

rich
in

com
-

plex
organic

m
olecules

(C
eccarelli

et
al.

2000b;
C

azaux
et

al.
2003),

and
doubly

(C
eccarelli

et
al.

1998)
and

triply
(Parise

etal.2004)
deuterated

m
olecules.A

dditionalsupportfor
an

un-
biased

spectral
survey

tow
ards

IR
A

S
16293

is
provided

by
the

H
ersch

el/H
IFIdata

in
the

555–636
G

H
z

range
w

hich
show

s
that,

w
hile

IR
A

S
16293

has
m

uch
few

er
lines

than
the

2
×

10
6

L
⊙

source
N

G
C

6334I,
the

sam
e

num
ber

of
species

is
detected

in
both

sources
( C

eccarellietal.2010).
Several

studies
have

been
carried

outtow
ards

IR
A

S
16293,

w
ith

both
single

dish
telescopes

and
interferom

eters.T
he

em
erg-

ing
overall

picture
is

that
IR

A
S

16293
is

a
protobinary

system
( W

ootten
1989;M

undy
et

al.1992)
surrounded

by
an

envelope
of

about
2

M
⊙

(C
rim

ier
et

al.
2010).

T
he

structure
of

the
en-

velope
has

been
the

target
of

several
studies

( C
eccarelli

et
al.

2000a;Schöier
etal.2002;Jørgensen

etal.2005).C
rim

ier
etal.

(2010)
concludes

that
the

envelope
density

follow
s

a
r
−

2
pow

er
law

atdistances
largerthan

about1300
A

U
and

r
−

3
/2

innerw
ards.

T
he

grain
m

antles
are

predicted
to

sublim
ate

at
a

distance
of

75
A

U
,

w
here

the
density

is
equal

to
2
×

10
8cm

−
3.

T
he

en-
velope

extends
from

about
25

A
U

to
about

6000
A

U
from

the
center.Inside

the
envelope,the

tw
o

sources,A
(south-east)

and
B

(north-w
est),of

the
binary

system
are

separated
by

about
4
′′

(separation
being

m
easured

from
interferom

eter
observations

at

1
H

ersch
elis

an
E

S
A

space
observatory

w
ith

science
instrum

ents
pro-

vided
by

E
uropean-led

principalInvestigator
consortia

and
w

ith
im

por-
tantparticipation

from
N

A
S

A
.

2
h
t
t
p
:
/
/
w
w
w
.
s
u
b
m
m
.
c
a
l
t
e
c
h
.
e
d
u
/
h
e
x
o
s
/

3
h
t
t
p
:
/
/
w
w
w
-
l
a
o
g
.
o
b
s
.
u
j
f
-
g
r
e
n
o
b
l
e
.
f
r
/
h
e
b
e
r
g
e
s
/
c
h
e
s
s
/
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E
.C

aux
etal.:IR

A
S

16293-2422
spectralsurvey.I.

a
spatial

resolution
of

about1
′′),w

hich
is

equivalentto
a

linear
distance

of480
A

U
.T

he
source

B
is

brighterthan
the

source
A

in
the

m
illim

eter
continuum

and
in

several“cold
envelope”

m
olec-

ular
lines,w

hereas
the

source
A

seem
s

to
be

brighter
in

several
hot-corino-like

m
olecularlines

( K
uan

etal.2004;B
ottinellietal.

2004;C
handler

etal.2005).Finally,C
handleretal.(2005)have

claim
ed

that
source

A
m

ight
be

a
m

ultiple
system

and
the

ob-
servations

of
Pech

et
al.(2010)

suggest
thatA

is
itself

a
binary

system
of

0.5
M
⊙

and
1.5

M
⊙ ,respectively.

D
espite

its
relatively

com
plex

structure
at

arcsec
scales,

IR
A

S
16293

rem
ains

the
brightestand

m
ost

appropriate
source

to
carry

out
a

detailed
study

of
the

gas
chem

ical
com

position
in

the
first

phases
of

the
form

ation
of

a
solar-type

star.
A

s
dis-

cussed
above,the

best
w

ay
for

that
is

to
obtain

unbiased
spec-

tral
surveys,

that
are

as
sensitive

as
possible.

In
this

paper,w
e

presentthe
results

ofthe
m

ostsensitive
unbiased

spectralsurvey
of

the
bands

betw
een

80
and

366
G

H
z

observable
from

ground-
based

telescopes
obtained

so
farin

the
direction

ofIR
A

S
16293.

T
his

study
is

part
of

a
m

ore
general

project
to

also
observe

the
500–2000

G
H

z
frequency

range
w

ith
the

spectrom
eter

H
IFI

on
board

the
H

ersch
el

satellite,in
the

contextof
the

H
ersch

el
K

ey
Program

C
H

E
SS

4
(C

eccarellietal.2010).

2
.

O
b

s
e

rv
a
tio

n
s

T
he

observations
w

ere
obtained

at
the

IR
A

M
-30

m
(frequency

range
80–280

G
H

z)
and

JC
M

T-15
m

(frequency
range

328–
366

G
H

z)
telescopes

during
the

period
betw

een
January

2004
and

A
ugust

2006.
O

verall,
the

observations
required

a
total

of
about300

h
(∼

200
h

atIR
A

M
and
∼

100
h

atJC
M

T
)

of
observ-

ing
tim

e.T
he

beam
ofthe

survey
varied

betw
een

9
′′and

33
′′,de-

pending
on

the
telescope

used
and

the
frequency,and

the
spec-

tral
resolution

ranged
betw

een
0.3

and
1.25

M
H

z,
correspond-

ing
to

velocity
resolutions

betw
een

0.51
and

2.25
km

s
−

1.
T

he
achieved

rm
s

varied
betw

een
4

and
14

m
K

in
1.5

km
s
−

1
bins.

T
he

observations
w

ere
centered

on
the

B
(north-w

est)
com

po-
nent

at
α

(2000.0)
=

16
h32

m
22.6

m
,
δ(2000.0)

=
−

24
◦28
′33
′.

T
he

A
and

B
com

ponents,separated
by

4
′′,are

both
inside

the
beam

of
our

observations
at

all
frequencies.

H
ow

ever,
at

the
highest

frequencies
observed

w
ith

the
IR

A
M

30
m

telescope
(i.e.

the
1

m
m

band),
the

attenuation
of

em
ission

from
source

A
is

not
negligible

as
w

e
discuss

in
Sect.

5.
A

ll
observations

w
ere

per-
form

ed
in

D
B

S
(D

ouble-B
eam

-Sw
itch)

observing
m

ode,
w

ith
a

90
′′

throw
.

T
he

pointing
and

focus
w

ere
checked

every
tw

o
hours

on
planets

or
on

continuum
radio

sources
(1741-038

or
1730-130).Table

1
sum

m
arizes

the
observed

bands
and

the
de-

tails
ofthe

observations.B
ecause

of
the

diff
erentw

eathercondi-
tions

during
the

diff
erent

runs,
the

system
tem

peratures
w

idely
varied.H

ow
ever,during

the
data

processing,scans
w

ith
too

high
system

tem
peratures

w
ere

rem
oved

before
averaging.

2
.1

.
IR

A
M

o
b

s
e

rva
tio

n
s

T
he

follow
ing

three
bands

w
ere

alm
ostfully

covered
by

observa-
tions

atthe
IR

A
M

-30
m

telescope:3
m

m
band

(80–115.5
G

H
z),

2
m

m
band

(129–177.5
G

H
z),and

1
m

m
band

(198–281.5
G

H
z).

In
allIR

A
M

-30
m

observations,tw
o

frequency
ranges

w
ere

observed
sim

ultaneously,
w

ith
tw

o
SIS

receivers
w

ith
orthog-

onal
polarizations

for
each

frequency
range,

in
the

follow
ing

configuration:
3

m
m

receivers
(A

100
&

B
100)

in
parallel

w
ith

1
m

m
receivers

(A
230

&
B

230),
and

2
m

m
receivers

(C
150

&
D

150)
in

parallelw
ith

1
m

m
receivers

(C
270

&
D

270).B
ecause

4
h
t
t
p
:
/
/
w
w
w
-
l
a
o
g
.
o
b
s
.
u
j
f
-
g
r
e
n
o
b
l
e
.
f
r
/
h
e
b
e
r
g
e
s
/
c
h
e
s
s
/

of
the

lim
itation

(atthe
tim

e
of

the
observations)

of
the

IR
A

M
-

30
m

backend
capabilities

in
term

s
of

instantaneous
frequency

bandw
idth

and
spectralresolution,w

e
chose

the
largestpossible

spectralbandw
idth

to
cover

the
IR

A
M

-30
m

bands
in

the
sm

all-
est

observing
tim

e.
For

sim
ultaneous

observations
in

the
3

m
m

and
1

m
m

bands,
the

V
E

SPA
autocorrelator

w
as

split
into

four
parts,tw

o
of

them
covering

the
w

hole
IF

band
of

the
A

&
B

100
receivers

(0.5
G

H
z)w

ith
320

kH
z

spectralresolution
and

the
tw

o
others

covering
half

of
the

IF
band

of
the

A
&

B
230

receivers
(1

G
H

z)
w

ith
1250

kH
z

spectral
resolution.T

he
second

half
of

the
IF

band
of

the
A

&
B

230
receivers

w
as

covered
w

ith
the

1
M

H
z

filter
banks

(FB
).

For
sim

ultaneous
observations

in
the

2
m

m
and

upper
1

m
m

bands,
the

V
E

SPA
autocorrelator

w
as

split
into

four
parts,

tw
o

of
them

covering
half

of
the

IF
band

of
the

C
&

D
150

receivers
(0.5

G
H

z)
w

ith
320

kH
z

sam
pling

and
the

tw
o

others
covering

half
of

the
IF

band
of

the
C

&
D

270
re-

ceivers
(1

G
H

z)
w

ith
1250

kH
z

sam
pling.T

he
second

halfof
the

IF
band

of
the

C
&

D
150

receivers
w

as
covered

w
ith

the
1

M
H

z
FB

.T
he

configuration
forobservations

in
the

2
m

m
band

resulted
in

diff
erent

spectral
resolutions

for
each

half
of

the
IF

band
of

the
receivers

(320
kH

z
∼

0.65
km

s
−

1
and

1
M

H
z
∼

2
km

s
−

1).
T

herefore,
w

e
shifted

the
tuning

frequency
of

the
receivers

by
only

0.5
G

H
z

from
one

tuning
to

the
next

one
to

cover
the

en-
tire

2
m

m
band

at
the

highest
and

at
the

low
est

spectral
res-

olution,
respectively.

A
s

a
consequence,

tw
o

diff
erent

datasets
w

ere
obtained,one

athigh
resolution

(generally
used

for
study-

ing
brighterlines),and

one
atlow

resolution
(forthe

faintlines).

2
.2

.
J
C

M
T

o
b

s
e

rva
tio

n
s

T
he

JC
M

T-15
m

observations
covered

the
328

to
366

G
H

z
fre-

quency
range.T

hey
w

ere
obtained

w
ith

a
345

G
H

z
S

IS
receiver

R
xB

3
used

in
dual-channel

single-sideband
(SSB

)
m

ode.E
ach

polarization
ofthe

receiverw
as

connected
to

a
unitofthe

A
C

SIS
autocorrelator

providing
a

bandw
idth

of
0.5

G
H

z
for

a
spectral

resolution
of

625
kH

z.A
t345

G
H

z,this
yields

a
velocity

resolu-
tion

of
about0.5

km
s
−

1.

3
.

C
a

lib
ra

tio
n

3
.1

.
M

e
th

o
d

A
t

the
IR

A
M

-30
m

telescope,
the

calibration
w

as
perform

ed
w

ith
a

cold
and

a
w

arm
absorbers,and

the
atm

ospheric
opacity

w
as

obtained
using

the
A

T
M

program
(C

ernicharo
1985,IR

A
M

internal
report).

A
t

the
JC

M
T-15

m
,

line
strengths

w
ere

cali-
brated

via
the

chopperw
heelm

ethod
( K

utner&
U

lich
1981).

O
urspectralsurvey

does
notallow

us
to

estim
ate

the
calibra-

tion
uncertainties

from
line

observation
redundancy:each

spec-
tral

range
w

as
observed

only
once

and
there

is
only

negligible
frequency

overlap
betw

een
adjacent

spectra.From
our

sim
ulta-

neous
observations

w
ith

tw
o

receivers
in

the
1

m
m

range,
w

e
m

ay
estim

ate
the

receiver
contribution,

but
to

derive
the

total
calibration

uncertainties
of

the
survey,w

e
perform

ed
a

detailed
com

parison
betw

een
our

ow
n

and
previous

observations.A
s

our
com

parisons
rely

only
on

observations
obtained

w
ith

the
sam

e
telescopes

tow
ards

the
sam

e
position

(nam
ely

source
B

),no
bias

is
caused

by
the

diff
erent

source
dilution

in
the

beam
s

and
our

results
are

una
ff

ected
by

the
underestim

ate
ofsource

A
contribu-

tion
athigh

frequency.T
he

com
parison

includes
virtually

allthe
published

data
tow

ards
IR

A
S

16293
obtained

w
ith

the
IR

A
M

-
30

m
and

the
JC

M
T-15

m
telescopes,

as
w

ell
as

unpublished
data

obtained
w

ith
the

IR
A

M
-30

m
telescope.

T
he

list
of

the

A
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A
&

A
532,A

23
(2011)

T
a
b

le
1
.Param

eters
of

the
observations

atIR
A

M
-30

m
and

JC
M

T-15
m

telescopes.

Telescope
F

requency
R

esolution
B

ackend
1

rm
s

2
T

sys
H

PB
W

B
eam

σ
cal 3

N
cal 4

P
cal 5

(G
H

z)
(M

H
z)

(km
s
−

1)
(m

K
)

(K
)

(arcsec)
e
ffi

ciency
(%

)
lines

(%
)

IR
A

M
80–115.5

0.32
0.81–1.17

V
E

S
PA

4–8
90–400

30–21
0.80–0.78

11
28

15
IR

A
M

129–177
0.32

0.53–0.72
V

E
S

PA
5–14

200–1000
19–14

0.76–0.69
17

22
12

IR
A

M
1.0

1.65–2.25
1

M
H

z
F

B
10

(6)
84

(6)
95

(6)

IR
A

M
197–265

1.0
1.13–1.52

1
M

H
z

F
B

7–13
180–1200

12–9
0.65–0.51

17
36

10
IR

A
M

1.25
1.41–1.90

V
E

S
PA

IR
A

M
265–280

1.25
1.34–1.41

V
E

S
PA

9–17
470–4200

9
0.51–0.47

JC
M

T
328–366

0.625
0.51–0.57

A
C

S
IS

4–9
90–400

14
0.56–0.53

18
26

25

N
o
tes.

(1)
In

the
2

m
m

band,
each

frequency
setting

is
observed

tw
ice,i.e.

once
at

each
of

the
tw

o
spectral

resolutions
(0.32

and
1

M
H

z),
w

hile
in

the
197–265

G
H

z
band,

each
frequency

setting
is

observed
only

one
tim

e,
at

a
slightly

diff
erent

spectral
resolution

(1
or

1.25
M

H
z),

(2)
rm

s
is

given
in

1.5
km

s
−

1
bins,

(3)
σ

C
al is

the
calibration

uncertainty,
(4)

N
cal is

the
num

ber
of

com
pared

lines
for

calibration
purposes,

(5)
P

cal is
the

percentage
of

com
pared

spectra
for

calibration
purposes,

(6)these
values

referto
the

“internal”
com

parison
betw

een
V

E
S

PA
and

1
M

H
z

F
B

spectra
sim

ultaneously
observed;the

other
ones

refer
to

“external”
com

parisons
w

ith
published

or
previously

obtained
observations.

articles
used

forthis
com

parison
is

the
follow

ing:
a

)
IR

A
M

-3
0

m
b

a
n

d
s:

C
eccarelli

et
al.

(1998),
L

oinard
et

al.
(2000),

C
azaux

et
al.

(2003),
W

akelam
et

al.
(2004),

Parise
et

al.
(2002),

and
Parise

et
al.

(2005b);
b

)
J
C

M
T
-1

5
m

b
a

n
d

:
B

lake
et

al.(1994),
van

D
ishoeck

et
al.(1995),L

oinard
et

al.(2000),Schöier
et

al.
(2002),and

Parise
et

al.
(2004).Table

1
reports

the
percentage

of
the

survey
spectra

thatcould
be

cross-checked
and

calibrated
againstpreviously

published
data

for
each

band.In
addition,w

e
cross-checked

the
calibration

in
the

2
m

m
band

by
com

paring
the

data
obtained

w
ith

1
M

H
z

and
320

kH
z

resolution.
Finally,

w
e

estim
ated

the
calibration

uncertainty
produced

by
the

receivers
by

com
paring

lines
in

the
1

m
m

band
observed

w
ith

the
tw

o
re-

ceivers
A

230
and

B
230.

To
quantify

the
diff

erences,
w

e
obtained

G
aussian

fi
ts

of
the

lines
and

com
pared

theircharacteristics
(integrated

intensity,
peak

intensity,
and

full
w

idth
at

half
m

axim
um

F
W

H
M

),
w

ith
the

previously
published

values.T
he

com
parison

w
as

perform
ed

in
the

m
ain

beam
brightness

scale
(T

m
b )

based
on

the
T
∗A
/T

m
b

beam
e
ffi

ciency
factors

given
in

Table1.
T

his
m

ethod
provides

tw
o

types
ofcheck:i)the

average
uncertainty

foreach
band;and

ii)
possible

specific
calibration

problem
s

on
single

settings.

3
.2

.
C

a
lib

ra
tio

n
u

n
c
e

rta
in

tie
s

W
ith

the
m

ethod
described

above
to

quantify
the

calibration
uncertainty

in
the

survey,w
e

obtained
the

follow
ing

results.

F
W

H
M

:In
allthe

frequency
ranges,except1m

m
,the

agreem
ent

betw
een

the
survey

and
the

published
F

W
H

M
values

is
w

ithin
15–20%

and
no

system
atic

trend
is

observed.
In

contrast,
in

the
1

m
m

band
the

F
W

H
M

of
the

survey
lines

appears
to

be
system

atically
broader

by
≃

1
km

s
−

1
than

the
published

values.
T

his
is

likely
due

to
the

relatively
poorer

spectral
resolution

of
our

survey
in

this
range

(0.8
to

1.9
km

s
−

1)
com

pared
to

the
linew

idths
(on

average
≃

4–5
km

s
−

1).

In
teg

ra
te

d
a

n
d

p
e
a

k
in

ten
sity:

T
he

com
parison

of
the

integrated
and

peak
intensity

of
the

lines
of

the
survey

w
ith

published
values

yields
the

sam
e

results,
w

hen
the

diff
erence

due
to

the
spectral

resolution
described

above
is

taken
into

account.
In

addition,
since

the
derivation

of
the

integrated
intensities

does
not

depend
on

the
line

shape,
w

e
choose

to
quantify

the
calibration

uncertainties
by

com
paring

the
integrated

line
intensities.

F
ig

.1
.

D
istribution

of
integrated

intensity
ratios

of
this

survey’s
1

m
m

lines
com

pared
to

published
observations

obtained
w

ith
the

IR
A

M
30

m
telescope.

T
he

curve
is

a
G

aussian
fi

t
to

the
histogram

ruling
out

the
“anom

alous”
ratios

(≤
0.5

or
≥

1.5).Itcan
be

noticed
thatthe

12
“anom

a-
lous”

ratios
correspond

to
only

7
“anom

alous
spectra”

am
ong

the
165

spectra
observed

in
the

1
m

m
range.

D
erived

u
n

certa
in

ties:
W

e
can

derive
an

estim
ate

of
the

calibra-
tion

uncertainty
from

the
distribution

of
the

integrated
intensity

ratios.
Figure

1
show

s
the

result
for

the
1

m
m

band.If
one

ex-
cludes

the
tw

o
extrem

es
at
≤

0.5
and
≥

1.5,w
hich

correspond
to

spectra
w

ith
“anom

alous
intensity”,the

ratio
distribution

can
be

fitted
by

a
G

aussian
w

ith
a

m
ean

value
of

R
,very

close
to

one
and

a
standard

deviation
σ

ratio .
O

n
the

basis
of

the
assum

ption
that

the
relative

uncertainties
in

the
published

intensities,
σ

pub ,
and

on
the

survey
line

intensities,
σ

cal ,are
independentvariables,

the
error

propagation
form

ula
im

plies
that:

σ
2ratio
=

R
2(σ

2cal
+
σ

2pub ).
(1)

M
ostpublications

reportcalibration
uncertainties

of
15%

(or
do

not
report

any
estim

ate).
E

xcept
in

the
3

m
m

frequency
range,

w
here

ourcom
parisonssuggestthatthe

calibration
uncertainty

is
probably

som
ew

hatsm
aller

than
15%

,w
e

obtain
consistentun-

certainties
assum

ing
either

that
σ

pub
=

15%
for

allthe
frequency

ranges
or

thatour
observations

are
representative

of
average

ob-
servation

conditions
in

each
frequency

range,i.e.,
σ

pub
=
σ

cal

and
thus
σ

2cal
≃
σ

2ratio /2.Table
1

reports
the

resulting
calibration

uncertainties
for

each
observed

band.
W

e
note

thatat2
m

m
,the

“external”
com

parisons
w

ith
pub-

lished
spectra,

w
hich

include
all

uncertainty
factors,

lead
to

higher
values

than
“internal”

com
parisons

betw
een

the
V

E
SPA

and
1

M
H

z
FB

sim
ultaneous

observations,
w

hich
take

into
ac-

countonly
the

contribution
ofthe

backends.Sim
ilarly,at1

m
m

,a
com

parison
of

the
line

intensities
observed

sim
ultaneously

w
ith

A
23,page

4
of
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the
tw

o
receivers

A
230

and
B

230
show

s
thatthe

receivers’
con-

tribution
to

the
calibration

uncertainties
is

approxim
ately

10%
,

w
hereas

the
totalcalibration

uncertainty
is

17%
.

Finally,the
fulllistof

lines
used

for
the

calibration
com

par-
ison

is
reported

in
the

on
line

m
aterial,

in
Table

2
for

a
com

-
parison

betw
een

the
survey

lines
and

previous
observations

ob-
tained

w
ith

the
sam

e
telescopes

and
in

Table
3

for
a

com
parison

betw
een

the
survey

lines
observed

sim
ultaneously

w
ith

V
E

SPA
and

the
1

M
H

z
filter

bank
atthe

IR
A

M
-30

m
telescope.

4
.

D
a

ta
re

le
a

s
e

T
he

data
are

m
ade

publicly
available

on
the

T
IM

A
SSS

w
eb

site
5.

T
he

site
provides

the
files

w
ith

the
IR

A
M

-30
m

and
JC

M
T-15

m
data

in
C

L
A

SS
form

at 6.
T

he
intensities

are
in

T
A
∗.

O
n

the
ba-

sis
of

the
discussion

of
the

previous
section,

the
potential

user
is

highly
recom

m
ended

to
verify

the
calibration

uncertainty
in

the
data

that
she
/he

w
ants

to
use

by
looking

at
Tables

2
and

3.
W

e
em

phasize
thatw

e
did

notapply
any

“rescaling”
factorto

the
survey

data
because

the
diff

erence
m

ay
be

caused
by

an
incorrect

calibration
of

the
published

rather
than

the
survey

data.O
nly

a
very

carefulscientific
analysis

can
assess

w
hatis

the
m

ostlikely
explanation.

It
is,

therefore,
the

user’s
responsibility

to
verify

that
the

data
are

correctly
used,

based
on

the
inform

ation
pro-

vided
atthe

w
eb

site.

5
.

R
e

s
u

lts

5
.1

.
O

ve
ra

ll
s
u

rve
y

Figure
2

show
s

the
fullsurvey

in
the

fourbands
and

the
richness

ofthe
IR

A
S

16293
line

spectrum
.A

bout20
lines

perG
H

z
on

av-
erage

have
been

detected
w

ith
a

signal-to-noise
ratio

S
/N

higher
than

three
in

the
220

G
H

z
frequency

range
covered

by
the

sur-
vey.T

he
line

density
seem

s
to

increase
slightly

w
ith

frequency:
there

are
17

lines/G
H

z
in

the
3

m
m

band,19
and

23
lines/G

H
z

in
the

2
m

m
and

1
m

m
ranges

respectively,
and

as
m

any
as

26
lines/G

H
z

in
the

0.9
m

m
range.

To
quantify

m
ore

rigorously
the

lines
and

species
detected

in
the

survey,w
e

m
ade

G
aussian

fits
and

line
identification

us-
ing

the
C

A
SSIS

7
package.

T
he

spectroscopic
data

com
e

from
the

C
D

M
S

and
JPL

databases
(M

üller
etal.2001,2005;Pickett

et
al.1998,and

references
quoted

on
the

databases
to

data
pro-

ducers
for

each
species).

In
a

few
cases

(ortho
and

para
H

2 C
O

for
instance),a

specifi
c

database
w

ith
each

form
separated

has
been

used
(see

the
C

A
S

S
IS

7
w

eb
site).

For
the

D
-bearing

iso-
topologues

of
m

ethanol,only
the

lines
reported

by
Parise

et
al.

(2002,2004)
are

included
in

this
paper.

H
ereinafterw

e
only

considerlines
identified

according
to

the
follow

ing
criteria:

i)
lines

belonging
to

species
included

in
the

JPL
and

C
D

M
S

databases
or

to
the

D
-bearing

isotopologues
of

m
ethanol,ii)

lines
detected

w
ith

a
certainty

of
m

ore
than

3
σ

in
the

integrated
line

intensity,
iii)

unblended
lines,

and
iv)

lines
w

ith
upper

level
energies

E
up

low
er

than
250

K
.

T
his

last
con-

dition
only

lim
its

the
num

ber
of

m
ethanollines

in
this

analysis,
since

lines
of

other
m

olecules
w

ith
E

up
higher

than
250

K
are

in
any

case
too

w
eak

to
be

detected
by

our
survey.W

hen
applying

these
criteria,w

e
end

up
w

ith
∼

1000
lines

listed
in

Table
4.In

5
h
t
t
p
:
/
/
w
w
w
-
l
a
o
g
.
o
b
s
.
u
j
f
-
g
r
e
n
o
b
l
e
.
f
r
/
h
e
b
e
r
g
e
s
/

t
i
m
a
s
s
s

6
h
t
t
p
:
/
/
w
w
w
.
i
r
a
m
.
f
r
/
I
R
A
M
F
R
/
G
I
L
D
A
S

7
C

A
S

S
IS

has
been

developed
by

IR
A

P
-U

P
S
/C

N
R

S,see
h
t
t
p
:
/
/
c
a
s
s
i
s
.
c
e
s
r
.
f
r
.

the
table,w

e
reportthe

line
identification

togetherw
ith

the
result

of
the

G
aussian

fitof
each

line
(see

also
Sect. 5.3).

Figure
3

show
s

the
line

densities,
w

hich
are

lim
ited

to
the

lines
satisfying

the
above

criteria,in
each

of
the

four
survey

fre-
quency

ranges,
for

various
signal-to-noise

ratios.
In

the
3

m
m

and
2

m
m

ranges,
these

densities
are

a
factor

of
betw

een
tw

o
and

three
sm

aller
than

the
estim

ates
of

the
totaldensities

includ-
ing

blended
lines.

T
his

e
ff

ect
is

even
stronger

in
the

1
m

m
and

0.9
m

m
ranges,w

here
the

lack
of

w
eak

lines
(3
�

S
/N
<

10)
is

particularly
striking

in
Fig.3.T

his
is

a
bias

due
to

our
selec-

tion
criterion

ofnon-blended
lines,as

these
frequency

ranges
are

rich
in

lines
from

large
m

olecules,w
hich

em
itm

any
w

eak
lines,

so
thatour

unblended
line

criterion
filters

outa
large

fraction
of

these
lines

of
m

oderate
S
/N

.In
contrast,the

2
m

m
range,w

hich
benefits

from
a

better
spectralresolution

com
pared

to
the

3
m

m
and

1
m

m
ranges,is

less
a
ff

ected
by

this
selection

e
ff

ect.
M

ost
of

the
lines

retained
in

the
1

m
m

and
0.9

m
m

ranges
and

a
large

fraction
(≃

2
/3)

of
the

lines
retained

in
the

3
m

m
and

2
m

m
ranges

have
a

high
S
/N

(
�

10).T
he

density
of

lines
w

ith
such

high
S
/N

is
relatively

constant
in

frequency
and

equal
to

≃
4
−

5
G

H
z.

W
hen

com
paring

w
ith

the
line

density
quoted

at
the

begin-
ning

of
the

section,
nam

ely
about

20
lines

per
G

H
z,

obtained
considering

lines
w

ith
S
/N
≥

3
but

no
other

filter,
clearly

the
introduction

ofthe
othercriteria,unblended

lines
and,to

a
lesser

degree,
identifi

ed
lines

and
E

up
≤

250
K

,
severely

underesti-
m

ates
the

line
content.

T
he

line
intensity

spans
m

ore
than

three
orders

ofm
agnitude,

from
10

m
K

to
24

K
.T

he
num

berof
lines

show
ing

an
integrated

intensity
higher

than
a

given
threshold

is
given

in
Fig.

4.
For

integrated
intensity

ranging
betw

een
1

and
30

K
km

s
−

1,the
dis-

tribution
roughly

follow
s

a
pow

er
law

of
slope

–0.9.T
he

pow
er

law
breaks

dow
n

in
the

high
and

low
end

of
the

distribution.
T

his
slope

is
identicalto

those
observed

by
Schilke

etal.(2001),
W

hite
et

al.
(2003),and

C
om

ito
et

al.
(2005),in

their
subm

il-
lim

eter
surveys

of
O

rion-K
L

.
A

s
found

by
these

surveys,
this

slope
does

notprovide
a

good
fitfor

the
brightestand

the
w

eak-
estlines.

5
.2

.
D

e
te

c
te

d
lin

e
s

a
n

d
s
p

e
c
ie

s

Table
5

lists
the

species
detected

and
identified

in
the

survey,
(see

below
).

In
the

fram
ew

ork
of

a
survey

analysis
restricted

to
the

four
line

criteria
m

entioned
above,69

diff
erentm

olecules
(including

ions)
have

been
detected.T

hey
correspond

to
32

distinctchem
-

ical
species

and
include

37
rare

isotopologues.T
hey

are
listed

in
Table

5
w

hich
gives

the
num

ber
of

lines
detected

for
each

species,the
range

of
upper

level
energy

of
the

lines
and

obser-
vational

quantities.
A

m
ong

the
∼

1000
lines

in
Table

5,
about

half
belong

to
only

three
species:

C
H

3 H
C

O
,

H
C

O
O

C
H

3 ,
and

C
H

3 O
H

.
M

ost
of

the
4000

lines
detected

in
our

survey
belong

to
species

already
identified

in
this

source
(see

Table
5),

am
ong

w
hich

a
few

m
olecules

display
extrem

ely
rich

spectra,
includ-

ing
m

any
w

eak
and
/or

blended
lines

thatare
notincluded

in
the

present
study.

A
lthough

w
e

anticipate
the

presence
of

uniden-
tified

lines,their
assignm

ent
w

ill
require

a
careful

analysis
and

even
probably

m
odeling

of
these

spectra.T
he

E
up
≤

250
K

se-
lection

criterion
used

in
this

w
ork

also
preventus

from
identify-

ing
any

vibrationally
excited

lines.W
e

postpone
these

consider-
ations

to
a

future
article.

A
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F
ig

.2
.T

he
IR

A
S

16293
spectra

in
the

four
bands

of
the

survey.
U

p
p
er

p
a
n
els:

IR
A

M
-30

m
3

m
m

and
2

m
m

bands.
L

o
w

er
p
a
n
els:

IR
A

M
-30

m
1

m
m

and
JC

M
T-15

m
0.9

m
m

bands.
T

he
m

id
d
le

p
a
n
els

are
zoom

ed
view

s
of

sam
ple

frequency
ranges

in
the

four
bands

respectively.
T

hese
panels

include
lines

identifi
cation

based
on

the
publicly

available
spectraldatabases

(see
textfor

details).

A
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F
ig

.3
.

D
istribution

of
the

density
(averaged

over
10

G
H

z
intervals)

of
identifi

ed
lines

(see
text)

in
each

of
the

four
frequency

ranges.T
he

u
p
-

p
er

p
a
n
el

corresponds
to

lines
w

ith
S
/N
�

3,
the

cen
tra

l
p
a
n
el

is
re-

stricted
to

lines
w

ith
3
�

S
/N
<

10
and

the
lo

w
er

p
a
n
elcorresponds

to
lines

w
ith

S
/N
�

10.

Table
5

also
lists

the
sum

of
the

line
flux

in
each

species.For
species

displaying
rich

and
com

plex
spectra

and
/or

num
erous

lines
w

ith
upperenergy

levels
≥

250
K

,this
value

is
a

low
erlim

it
because

of
the

num
erous

w
eak

and
blended

lines
that

are
not

included
in

the
presentanalysis.

A
s

noted
by

the
previous

studies
( B

lake
et

al.
1994;

van
D

ishoeck
etal.1995),

the
m

illim
eter

and
subm

illim
eter

spectrum
of

IR
A

S
16293

is
dom

inated
by

sim
ple

O
-rich

species
such

as
C

O
,

SO
,H

2 C
O

,SO
2 ,and

C
H

3 O
H

(the
three

first
fam

-
ilies

alone
constitute

m
ore

than
tw

o-thirds
of

the
total

flux).In
the

frequency
range

covered
by

oursurvey,the
totalflux

em
itted

in
the

C
O

m
ain

and
isotopic

lines
is

about800
K

km
s
−

1,
∼

30%
sm

allerthan
the

flux
em

itted
in

the
SO

,H
2 C

O
,SO

2 ,and
C

H
3 O

H
lines

together(∼
1100

K
km

s
−

1).T
hus,C

O
is

notthe
m

ajorcool-
ing

agent
in

this
frequency

range.
In

addition,
our

survey
de-

tects
thousands

of
w

eaker
lines

from
heavier

and
m

ore
com

-
plex

m
olecules

thathad
notbeen

found
in

the
previous

surveys.
T

he
zoom

ed
figures

ofFig.2
illustrate

the
situation,w

ith
several

lines
from

C
H

3 C
C

H
,C

H
3 C

N
,H

C
O

O
C

H
3

etc.To
roughly

esti-
m

ate
the

contribution
of

this
“grass”

of
lines

to
the

totalcooling
of

the
gas

(in
this

range
of

frequencies),w
e

consider
a

line
den-

sity
of

about15
lines

per
G

H
z

(see
above)

and
a

line
integrated

intensity
of
∼

0.3
K

km
s
−

1.
T

his
gives

approxim
atively

an
inte-

grated
line

intensity
of900

K
km

s
−

1,w
hich

is
com

parable
to

the
contribution

of
C

O
and

its
isotopologues.

0
.1

0
.3

1
3

1
0

3
0

1
0
0

1

1
0

1
0
0

1
0
0
0

1
0
0
0
0

L
in
e
in
te
g
ra
te
d
in
te
n
s
ity
(K
.k
m
/s
)

Cumulative number of lines

F
ig

.4
.

N
um

ber
of

lines
show

ing
an

integrated
intensity

larger
than

a
given

threshold.
T

he
solid

line
show

s
the

single
index

pow
er-law

best
fi

tto
the

distribution.

5
.3

.
L

in
e

p
a

ra
m

e
te

rs

A
G

aussian
fi

t
w

as
perform

ed
for

each
of

the
lines

of
Table

4.
T

he
param

eters
ofthe

fit(integrated
intensity,line

w
idth

F
W

H
M

,
and

restvelocity
v

L
SR )are

reported
in

the
sam

e
table.T

he
uncer-

tainties
in

the
integrated

line
intensity

are
based

on
the

spec-
tra

noise
and

the
calibration

uncertainties
reported

in
Table

1.
W

e
verified

that
even

w
hen

the
line

profile
diff

ers
from

a
sim

-
ple

G
aussian

(for
exam

ple
in

self-absorbed
lines,

or
lines

w
ith

broad
w

ings)
the

G
aussian

fitarea
is

very
close

to
the

true
inte-

grated
line

intensity
and,therefore,reliable.T

he
uncertainties

in
the

line
w

idth
F

W
H

M
and

restvelocity
v

L
SR

take
into

accountthe
statisticalerrors

(from
the

fit)
and

the
uncertainty

due
to

the
lim

-
ited

spectral
resolution,w

hich
indeed

dom
inates

the
error.T

he
cases

w
here

the
line

profi
les

are
clearly

notG
aussian

are
m

arked
in

Table
4.

T
he

average
〈F

W
H

M
〉

and
〈v

L
SR
〉

for
each

species
and

isotopologues
are

reported
in

Table
5,exceptfor

those
that

show
severe

blending
caused

by
unresolved

orpartially
resolved

hyperfine
structure

(C
H

3 C
N

,H
N

C
O

,N
H

2 D
,N

S).
In

the
follow

ing,
w

e
analyze

the
inform

ation
derived

from
the

G
aussian

F
W

H
M

and
v

L
SR

of
the

lines.
Figure

5
show

s
the

F
W

H
M

versus
v

L
SR

for
each

species.
In

the
plots,

w
e

have
regrouped

the
isotopologues

of
the

sam
e

species
and,in

a
few

cases,species
w

ith
a

sm
allnum

beroflines.
In

these
cases,w

e
verified

that
the

species
have

sim
ilar

F
W

H
M

and
v

L
SR

to
avoid

introducing
artificialtrends

in
the

plot.Figure
5

show
s

a
rem

arkable
and

unexpected
behavior:

th
e

F
W

H
M

a
n

d
v

L
SR

d
istrib

u
tio

n
s

a
re

n
o

t
th

e
sa

m
e

b
u

t,
in

co
n

tra
st

d
e
p

e
n

d
o

n
th

e
sp

e
c
ie

s.
O

n
the

basis
of

the
diff

erent
F

W
H

M
and
v

L
SR

distributions,
four

types
of

“kinem
aticalbehaviors”tcan

be
identified:

1.
Type

I
(first

row
of

Fig.
5):
〈v

L
SR
〉
∼

4
.0

km
s
−

1
and

〈F
W

H
M
〉
∼

2
.5

km
s
−

1.
T

he
lines

show
very

little
disper-

sion
in

term
s

of
both

rest
velocities

and
line

w
idths.

Sm
all

carbon
chains

and
rings,

and
“sm

all
m

olecules”
belong

to
this

group.
2.

Type
II

(second
row

):
〈v

L
SR
〉
∼

3
.7

km
s
−

1
w

ith
very

little
dispersion,

F
W

H
M

from
∼

2
km

s
−

1
to
∼

8
km

s
−

1.A
llspecies

in
this

group
are

S-
or

N
-bearing

m
olecules.

W
e

note
that

H
C

O
+

and
C

3 H
2

(in
the

firstrow
)

have
properties

w
hich

are
in-betw

een
type

I
and

type
II.
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T
a
b

le
5
.D

etected
species

ordered
by

decreasing
fl

uxes
of

the
m

ain
isotopologue.

TA
G

Species
N

b
2

E
up

(K
)

〈V
L

S
R
〉
〈F

W
H

M
〉
∫

T
m

b d
v

TA
G

Species
N

b
2

E
up

(K
)
〈V

L
S

R
〉
〈F

W
H

M
〉
∫

T
m

b d
v

1
3

lines
m

in–m
ax

(km
s
−

1)
(K

km
s
−

1)
1

3
lines

m
in–m

ax
(km

s
−

1)
(K

km
s
−

1)
28503

a
a

C
O

3
5.5
−

33.2
5.93

±
0.71

9.47
±

1.77605.8
41001

b
b

C
H

3 C
N

>
30

20.4
−

21.2
58.6

29501
a

b
13C

O
3

5.3
−

31.7
3.94

±
0.36

4.13
±

1.16116.0
46509

b
cH

2 C
S

26
9.9
−

143.4
3.61

±
0.35

4.53
±

1.3451.2
30502

a
c

C
18O

3
5.3
−

31.6
3.72

±
0.18

2.90
±

0.61
67.6

47505
b

d
H

132
C

S
4

22.5
−

97.1
4.09

±
0.79

4.61
±

2.29
2.9

29006
a

d
C

17O
3

5.4
−

32.4
3.84

±
0.35

3.75
±

0.66
25.5

47504
b

eH
D

C
S

5
8.9
−

30.9
3.77

±
0.12

2.81
±

0.88
0.8

48501
a

eSO
20

9.2
−

87.5
3.98

±
0.20

4.18
±

0.55339.5
60503

b
fO

C
S

12
16.3
−

134.8
3.13

±
0.33

5.12
±

0.7738.6
50501

a
f

34SO
13

15.6
−

86.1
3.81

±
0.27

4.87
±

0.84
28.0

62505
b
g

O
C

34S
9

15.9
−

157.2
2.51

±
0.26

3.98
±

0.65
7.8

30591
a
g

o-H
2 C

O
10

6.8
−

143.3
3.45

±
0.58

4.09
±

0.58163.3
61502

b
g

O
13C

S
10

20.9
−

147.2
2.58

±
0.51

4.49
±

1.25
5.6

30581
a
g

p-H
2 C

O
7

10.5
−

99.7
3.67

±
0.12

3.92
±

0.65
93.6

60003
b

h
H

C
O

O
C

H
3

182
17.9
−

145.0
2.52

±
0.32

2.71
±

0.7751.6
31501

a
h

H
D

C
O

10
17.6
−

102.6
3.39

±
0.58

3.99
±

1.06
26.7

44505
b

iSiO
6

6.2
−

75.0
4.40

±
0.46

5.57
±

0.7849.7
31503

a
k

H
132

C
O

12
10.2
−

157.5
2.96

±
0.38

2.86
±

1.29
12.7

27002
b

jH
N

C
3

4.3
−

43.5
3.80

±
0.56

2.81
±

1.0832.1
32592

a
jo-D

2 C
O

6
16.8
−

81.2
3.51

±
0.61

3.80
±

0.84
11.7

28508
b

k
D

N
C

2
11.0
−

22.0
4.31

±
0.02

2.47
±

1.19
4.9

32582
a

jp-D
2 C

O
8

5.3
−

99.5
3.38

±
0.72

2.76
±

1.24
5.5

28005
a

sH
N

13C
4

4.2
−

41.8
3.74

±
0.61

3.44
±

1.76
4.8

32503
a

k
H

2 C
18O

4
20.0
−

63.4
2.71

±
0.16

2.67
±

1.21
1.9

51501
b

lH
C

3 N
17

19.6
−

203.0
3.53

±
0.44

4.67
±

1.9735.4
64502

a
lSO

2
82

7.7
−

248.5
3.74

±
0.32

5.30
±

1.22238.3
52005

b
m

D
C

3 N
6

22.3
−

77.0
4.29

±
0.23

2.61
±

0.41
1.0

66002
a

m
34SO

2
5

7.6
−

69.7
3.33

±
0.72

4.20
±

1.71
1.6

34502
b

n
H

2 S
2

27.9
−

84.0
3.55

±
0.52

4.90
±

0.0825.2
32504

a
n

C
H

3 O
H

99
7.0
−

233.6
3.42

±
0.42

5.91
±

1.35217.6
35001

b
o

H
D

S
2

11.7
−

34.7
3.05

±
0.55

2.41
±

2.09
0.7

33502
a

o
13C

H
3 O

H
9

6.8
−

94.6
2.93

±
0.47

3.92
±

1.63
2.8

38082
b

p
o-c-C

3 H
2

14
4.1
−

48.3
4.10

±
0.27

2.73
±

0.7014.5
a

p
C

H
2 D

O
H

12
4.5
−

40.8
2.74

±
0.64

5.89
±

0.91
6.4

38092
b

p
p-c-C

3 H
2

9
6.4
−

47.5
4.27

±
0.26

2.57
±

1.29
4.5

a
p

C
H

D
2 O

H
7

4.2
−

53.5
3.70

±
0.88

4.76
±

1.58
2.6

39003
b

q
c-C

3 H
D

5
17.4
−

25.34
4.44

±
0.31

1.91
±

0.88
1.5

a
p

C
H

3 O
D

4
6.0
−

26.8
2.55

±
0.84

3.96
±

1.29
2.3

46008
b

rC
H

3 O
C

H
3

82
11.1
−

169.8
2.53

±
0.29

2.27
±

0.6918.8
a

q
C

D
3 O

H
3

12.2
−

42.0
2.43

±
0.21

2.03
±

0.49
0.5

40502
b

sC
H

3 C
C

H
26

12.3
−

176.6
3.62

±
0.32

3.03
±

0.5817.4
29507

a
rH

C
O
+

3
4.3
−

42.8
3.29

±
0.16

2.87
±

1.39144.2
41502

b
tC

H
2 D

C
C

H
4

16.3
−

38.1
4.34

±
0.31

1.93
±

0.40
0.2

30504
a

rH
13C

O
+

4
4.2
−

41.6
3.94

±
0.46

2.43
±

0.44
31.5

25501
b

u
C

C
H

13
4.2
−

25.1
3.83

±
0.09

2.08
±

0.2014.7
30510

a
sD

C
O
+

3
10.4
−

51.9
4.19

±
0.29

2.34
±

0.83
14.3

26501
b
vC

C
D

4
10.4
−

10.3
4.32

±
0.52

2.54
±

0.86
0.8

31506
a

tH
C

18O
+

3
4.1
−

24.5
4.04

±
0.37

2.15
±

0.51
1.6

43002
b
w

H
N

C
O

>
8

10.5
−

143.5
13.8

31508
a

rD
13C

O
+

2
10.2
−

20.4
4.52

±
0.16

2.34
±

1.36
0.6

26504
b

x
C

N
7

5.4
−

5.4
4.45

±
0.10

1.82
±

0.16
8.5

30505
a

u
H

C
17O

+
1

12.5
−

12.5
3.94

±
0.22

4.03
±

0.71
0.4

45506
b
y

H
C

S
+

5
6.1
−

73.7
3.72

±
0.20

3.32
±

0.70
5.1

44501
a
vC

S
4

7.0
−

65.8
3.70

±
0.12

3.56
±

0.43126.5
42501

b
zH

2 C
C

O
13

9.7
−

66.9
3.00

±
0.26

2.58
±

0.44
4.8

46501
a
vC

34S
4

6.9
−

64.8
3.63

±
0.16

3.60
±

0.68
21.1

18501
ca

N
H

2 D
>

3
16.6
−

182.8
4.7

45501
a
v

13C
S

4
6.7
−

46.6
3.69

±
0.22

4.06
±

0.96
9.0

30008
cb

N
O

7
7.2
−

36.1
4.02

±
0.12

2.25
±

1.42
3.7

45502
a
vC

33S
4

7.0
−

65.3
3.68

±
0.66

5.05
±

1.67
7.2

56007
ccC

2 S
12

15.4
−

53.8
4.10

±
0.17

2.12
±

0.62
2.6

27501
a
w

H
C

N
3

4.2
−

42.5
3.57

±
0.78

7.06
±

2.12
97.5

45013
cd

PN
>

3
13.5
−

63.1
2.1

28002
a

x
H

13C
N

5
4.1
−

41.4
3.77

±
0.26

4.05
±

1.85
17.1

19002
ce

H
D

O
1

95.2
−

95.2
2.87

±
0.21

6.13
±

0.58
2.1

28509
a
y

D
C

N
3

10.4
−

52.1
3.63

±
0.46

4.09
±

0.55
11.3

46010
c

fN
S

>
6

9.9
−

17.8
1.3

28003
a

zH
C

15N
4

4.1
−

41.3
3.60

±
0.33

5.52
±

1.47
6.4

49503
cg

C
4 H

6
20.5
−

30.2
4.00

±
0.08

1.58
±

0.28
0.7

44003
b

a
C

H
3 C

H
O

192
13.8
−

194.5
2.79

±
0.39

2.68
±

1.00
70.0

37003
ch

c-C
3 H

3
4.39
−

10.8
4.42

±
0.22

1.79
±

0.10
0.3

N
o
tes.

(1)
In

the
C

D
M

S
as

in
the

JP
L

catalog,
the

species
are

associated
to

a
five

digit
num

ber,
called

TA
G

;
the

fi
rst

tw
o

digits
correspond

to
their

m
olecular

w
eight

in
atom

ic
m

ass
units,and

the
third

digit
is

a
5

in
the

C
D

M
S

catalog,and
a

0
in

the
JP

L
catalog.O

ur
identifi

cation
of

the
ortho

and
para

form
s

ofH
2 C

O
,D

2 C
O

and
c-C

3 H
2

relies
on

the
V

A
S

T
E

L
S

pectroscopic
database

( h
t
t
p
:
/
/
w
w
w
.
a
s
t
r
o
.
c
a
l
t
e
c
h
.
e
d
u
/
~
v
a
s
t
e
l
/

C
H
I
P
P
E
N
D
A
L
E
S)

so
thatthese

species
are

associated
w

ith
specifi

c
TA

G
.T

he
deuterated

isotopologues
of

m
ethanol,notyetincluded

in
the

C
D

M
S

and
JP

L
databases,do

nothave
a

TA
G

.O
ur

identifi
cation

of
their

lines
is

based
on

the
data

given
in

Parise
etal.(2002)

and
Parise

etal.(2004)
and

references
therein.

(2)For
m

ost
N

-bearing
species,due

to
unresolved

hyperfi
ne

structure,this
num

ber
is

a
low

er
lim

itcorresponding
to

groups
of

blended
lines.

(3)For
each

species,the
spectroscopic

references
given

here
are

the
m

ostrecentcited
in

the
C

D
M

S
and

JP
L

databases.A
llof

them
should

be
read

as
reference

and
references

therein:
(a

a)W
innew

isser
etal.(1997);

(a
b)C

azzoli
etal.(2004);

(a
c)K

lapper
etal.(2001);

(a
d)K

lapper
et

al.
(2003);

(a
e)

B
ogey

et
al.

(1997);
(a

f)
K

laus
et

al.
(1996);

(a
g)

M
üller

et
al.

(2000d);
(a

h)
B

ocquet
et

al.
(1999);

(a
i)

M
üller

et
al.

(2000c);
(a

j)
L

ohilahti
&

H
ornem

an
(2004);

(a
k)

M
üller

et
al.

(2000b);
(a

l)
M

üller
et

al.
(2000a);

(a
m

)
B

elov
et

al.
(1998);

(a
n)

M
üller

et
al.

(2004);
(a

o)
X

u
&

L
ovas

(1997);
(a

p)
Parise

et
al.(2002);

(a
q)Parise

et
al.(2004);

(a
r)

L
attanzi

et
al.(2007);

(a
s)

van
der

Tak
et

al.(2009);
(a

t)
S

chm
id-B

urgk
et

al.
(2004);

(a
u)D

ore
etal.(2001);

(a
v)K

im
&

Y
am

am
oto

(2003);
(a
w

)T
horw

irth
etal.(2003);

(a
x)C

azzoli&
P

uzzarini(2005);
(a
y)B

rünken
etal.(2004);

(a
z)C

azzoli
et

al.(2005);
(b

a)K
leiner

etal.(1996);
(b

b)M
üller

et
al.(2009);

(b
c)

C
louthier

et
al.(1994);

(b
d)

B
row

n
et

al.(1987);
(b

e)M
inow

a
et

al.
(1997);

(b
f)G

olubiatnikov
etal.(2005);

(b
g)L

ovas
&

S
uenram

(1987);
(b

h)M
aeda

etal.(2008);
(b

i)C
ho

&
S

aito
(1998);

(b
j)T

horw
irth

etal.(2000a);
(b

k)B
rünken

etal.(2006);
(b

l)T
horw

irth
etal.(2000b);

(b
m

)S
pahn

etal.(2008);
(b

n)B
elov

(1995);
(b

o)C
am

y-Peyretetal.(1985);
(b

p)M
ollaaghababa

et
al.(1993);

(b
q)B

ogey
et

al.(1987);
(b

r)
N

eustock
et

al.(1990);
(b

s)
C

azzoli
&

P
uzzarini

(2008);
(b

t)L
eguennec

et
al.(1993);

(b
u)Padovani

et
al.

(2009);
(b
v)

B
ogey

et
al.(1985);

(b
w

)
L

apinov
et

al.(2007);
(b

x)
K

lisch
et

al.(1995);
(b
y)

M
argulès

et
al.

(2003);
(b

z)
G

uarnieri
&

H
uckauf

(2003);
(ca)F

usina
etal.(1988);

(cb)M
eerts

&
D

ym
anus

(1972);
(cc)L

ovas
etal.(1992);

(cd)C
azzoli

etal.(2006);
(ce)Johns

(1985);
(c

f)L
ovas

&
S

uenram
(1982);

(cg)C
hen

etal.(1995);
(ch)Y

am
am

oto
&

S
aito

(1994).

3.
Type

III
(third

row
):
〈v

L
SR
〉
∼

2
.5–3.0

km
s
−

1,
〈F

W
H

M
〉
≤

4
.0

km
s
−

1.Four
com

plex
organic

m
olecules

display
this

be-
havior.

4.
Type

IV
(fourth

row
):
v

L
SR

and
F

W
H

M
have

m
ixed

behav-
iors,

w
ith

characteristics
belonging

to
the

tw
o

last
groups.

C
H

3 O
H

lines
have

v
L

SR
and

F
W

H
M

ranging
from

2
to

9
km

s
−

1;
H

2 C
O

and
C

H
3 C

C
H

lines
have

m
oderate

F
W

H
M

(4–5
km

s
−

1)
and
v

L
SR

ranging
from

2.5
to

4
km

s
−

1;
lines

from
the

rare
isotopes

of
O

C
S

have
v

L
SR
∼

2
.5

km
s
−

1
and

F
W

H
M
≤

4
km

s
−

1.

W
e

note
thatthe

F
W

H
M

averaged
over

each
of

the
four

fre-
quency

bands
of

the
survey

is
sim

ilar,betw
een

2
and

5
km

s
−

1,
there

being
a

slight
increase

in
the

1
m

m
band

caused
by

the
poorer

spectral
resolution.

W
e

verified
that

none
of

the
four

kinem
atical

behaviors
are

produced
by

this
instrum

ental
e
ff

ect.
Table

6
sum

m
arizes

the
situation.To

m
ore

clearly
understand

the

A
23,page
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E
.C

aux
etal.:IR

A
S

16293-2422
spectralsurvey.I.

T
a
b

le
6
.D

istribution
of

the
detected

species
in

four
kinem

aticaltypes.

Type
v

L
S

R
F

W
H

M
E

up
F

W
H

M
S

pecies
(Source)

(km
s
−

1)
(K

)
behavior

C
N

,N
O

,
Type

I
∼

4
≤

2.5
0–50

constant
C

2 S
,C

2 H
,

(E
nvelope)

C
3 H

,C
4 H

,
H

C
O
+,C

3 H
2

H
C

N
,H

C
3 N

,
Type

II
∼

3.7
2–8

0–250
increases

H
N

C
,

(S
ource

A
)

S
O

,S
O

2 ,C
S

,
H

C
S
+,H

2 C
S

C
H

3 C
H

O
,

Type
III

2.5–3
≤

4
0–200

constant
H

C
O

O
C

H
3 ,

(Source
B

)
C

H
3 O

C
H

3 ,
H

2 C
C

O
C

H
3 O

H
,

Type
IV

2.5–4
2–8

0–250
increases

H
2 C

O
,

(m
ixed)

C
H

3 C
C

H
,

O
C

S

N
o
tes.F

irstcolum
n

reports
the

associated
com

ponent(see
S

ect.6),sec-
ond,third

and
fourth

colum
ns

reportthe
typical

velocities,
F

W
H

M
and

upper
level

energy
E

up
ranges

of
the

detected
lines.

F
ifth

colum
n

de-
scribes

the
behavior

of
F

W
H

M
w

ith
increasing

E
up

and
lastcolum

n
lists

the
species

belonging
to

each
type.

physical
m

eaning
of

the
plots

in
Fig.

5
(and

the
four

identified
types),w

e
plotted

in
Fig. 6

the
values

of
the

F
W

H
M

as
function

of
the

upper
levelenergy

E
up

of
the

transition.T
he

species
w

ere
grouped

as
in

Fig.
5;

it
is

striking
that

the
distinction

betw
een

the
four

types
defined

by
the

(F
W

H
M

,
v

L
SR )

distribution
is

also
visible

in
this

plot.
Type

I
species

have
lines

w
ith

E
up

low
er

than
50

K
.W

e
note

thatthis
is

notan
observationalbias:exceptfor

a
few

very
light

m
olecules,such

as
C

2 H
,the

species
associated

w
ith

type
I

have
high

energy
transitions

in
the

survey
frequency

range,
but

the
line

intensities
decrease

abruptly
w

hen
E

up
becom

es
higherthan

50
K

.
In

contrast,
type

II,
III,

and
IV

species
have

lines
w

ith
E

up
up

to
200

K
but

diff
erent

behaviors.
For

type
II

species,
the

F
W

H
M

increases
w

ith
E

up ,
w

hereas
for

type
III

and
IV

the
F

W
H

M
is

constantand
does

notdepend
on

E
up .In

contrast,anal-
ogous

plots
of
v

L
SR

versus
E

up
indicate

that
the

lines’
velocity

does
notdepend

on
E

up
in

any
species.A

related
e
ff

ectw
as

dis-
covered

by
Schöier

et
al.

(2002),
w

ho
noted

a
correlation

be-
tw

een
the

linew
idths

and
the

excitation
tem

peratures
derived

by
B

lake
etal.(1994)and

van
D

ishoeck
etal.(1995).T

hese
proper-

ties
are

used
to

give
a

physicalm
eaning

to
the

fourtypes
in

Sect.
6.

Finally,
w

e
note

that
w

hen
detected,

the
deuterated

species
show

the
sam

e
behavior

as
the

m
ain

isotopom
ers,exceptthe

D
-

isotopom
ers

of
type

III
species

that
have

too
w

eak
lines

to
be

detected
in

our
survey.

6
.

D
is

c
u

s
s

io
n

6
.1

.
C

o
m

p
a

ris
o

n
w

ith
p

re
v
io

u
s

s
u

rve
y
s

W
hen

com
pared

to
the

previous
survey

tow
ard

IR
A

S
16293

( B
lake

et
al.

1994;
van

D
ishoeck

et
al.

1995),
the

present
one

not
only

enlarges
the

covered
frequency

range
(∼

200
G

H
z

ver-
sus
∼

40
G

H
z)

butalso
the

num
berof

detected
species,thanks

to
the

highersensitivity
(∼

10
m

K
versus

∼
40

m
K

).T
he

average
line

density
of

the
previous

unbiased
survey

of
IR

A
S

16293
w

as
7

lines
perG

H
z,w

hich
should

be
com

pared
w

ith
20

lines
perG

H
z

for
the

presentone.Severalspecies
detected

in
our

survey
w

ere

not
detected

in
the

previous
one:

com
plex

organic
m

olecules
(H

C
O

O
C

H
3 ,

H
C

O
O

C
H

3
and

C
H

3 O
C

H
3 ),

carbon
chains

and
rings

(C
2 S,C

4 H
,c-C

3 H
),N

-bearing
species

(N
O

,P
N

,N
S

),and
severalD

-bearing
m

olecules.
Tow

ards
hotcores,num

erous
surveys

have
been

perform
ed.

T
hey

have
covered

the
w

hole
range

of
frequencies

reachable
from

the
ground,

from
the

3
m

m
range

observed
w

ith
IR

A
M

,
SE

ST,
N

R
A

O
,

or
JC

M
T

to
the

subm
illim

eter
w

indow
s

ob-
servable

w
ith

the
C

SO
and

JC
M

T
( M

acD
onald

et
al.

1996;
Schilke

et
al.1997;H

elm
ich

&
van

D
ishoeck

1997;N
um

m
elin

et
al.

1998;
T

hom
pson

&
M

acD
onald

1999;
K

im
et

al.
2000;

N
um

m
elin

etal.2000;L
ee

etal.2001;Schilke
etal.2001;W

hite
etal.2003 ;C

om
ito

etal.2005;K
im

etal.2006;B
elloche

et
al.

2007;O
lofsson

etal.2007;Tercero
etal.2010).T

he
line

densi-
ties

usually
range

from
10

to
20

lines
per

G
H

z,
i.e.

have
value

com
parable

to
the

presentsurvey.SgrB
2

appears
as

a
noticeable

exception,displaying
significantly

higher
line

densities,as
high

as
100

lines
per

G
H

z
in

the
3

m
m

range
observed

w
ith

IR
A

M
( B

elloche
etal.2007)or40

lines
perG

H
z

in
the

1
m

m
range

ob-
served

w
ith

SE
ST

(N
um

m
elin

et
al.1998,2000).Interestingly,

the
slope

of
–0.9

that
w

e
observe

for
the

cum
ulative

num
ber

of
lines

versus
flux

threshold
is

identicalto
the

slopes
observed

by
Schilke

et
al.

(2001),W
hite

et
al.

(2003),and
C

om
ito

et
al.

(2005)in
their

subm
illim

eter
surveys

of
O

rion-K
L

.
In

conclusion,our
survey

in
term

s
of

m
olecular

contenthas
a

richness
com

parable
to

thatof
hotcores

and
confirm

s
thatthe

high
abundance

of
deuterated

isotopologues,
w

hich
are

easily
detected

fora
num

berofspecies,is
a

distinctive
characteristic

of
low

m
ass

protostars.

6
.2

.
K

in
e

m
a

tic
a

lty
p

e
s

a
n

d
a

s
s
o

c
ia

te
d

c
o

m
p

o
n

e
n

ts

A
s

m
entioned

in
the

Introduction,IR
A

S
16293

is
form

ed
by

a
proto-binary

system
surrounded

by
an

infalling
envelope.In

ad-
dition,

m
ultiple

outflow
s

originate
in

the
system

(e.g.
C

astets
et

al.
2001).B

efore
attem

pting
to

interpret
the

observations
of

Sect.
5.3

and,specifically,the
m

eaning
of

the
four

kinem
atical

types
of

Table
6,based

on
the

line
restvelocities

and
w

idths,w
e

review
w

hat
is

know
n

so
far

about
the

envelope
and

the
proto-

binary
system

.

6
.2

.1
.

E
n
ve

lo
p

e

T
he

envelope
extends

for
6000–7000

A
U

in
radius,

equivalent
to

about
100

′′
in

diam
eter,

and
is

relatively
m

assive
(∼

2
M
⊙ )

( C
rim

ieretal.2010).A
tthe

borderofthe
envelope,the

dusttem
-

perature
is
∼

13
K

and
the

density
is
∼

10
5cm

−
3.

T
he

dust
tem

-
perature

reaches
100

K
ata

radius
75–86

A
U

,w
here

the
density

is
(2–3)

×
10

8cm
−

3,
creating

the
region

called
hot

corino.
T

he
rest

velocity
of

the
cold

envelope
has

been
m

easured
in

several
studies

and
is
∼

3.9
km

s
−

1
(M

izuno
et

al.1990;B
ottinelli

et
al.

2004;Takakuw
a

etal.2007).M
olecules

probing
the

cold
enve-

lope
have

∼
2

km
s
−

1
line

w
idths.

6
.2

.2
.

P
ro

to
-b

in
a

ry
s
y
s
te

m

S
everalinterferom

etric
studies

have
been

carried
outin

the
past

to
characterize

the
nature

of
the

tw
o

sources,A
(south-east)

and
B

(north-w
est),

form
ing

the
binary

system
( K

uan
et

al.
2004;

B
ottinelli

et
al.

2004;
C

handler
et

al.
2005;

B
isschop

et
al.

2008;
see

also
references

in
Table

7).
S

om
e

species
are

asso-
ciated

only
or

predom
inantly

w
ith

one
of

the
tw

o
sources

A
and

B
,

and
others

are
observed

in
both

sources.
A

ll
studies

A
23,page
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F
ig

.5
.

P
lots

of
the

rest
velocity

v
L

S
R

versus
the

F
W

H
M

,
derived

from
the

G
aussian

fi
ts

of
the

lines
(Table

4).
A

ll
the

detected
species

and
the

relevant
isotopologues

of
Table

5
are

plotted,
except

those
in

w
hich

the
lines

have
obviously

non-G
aussian

profi
les

(see
text).

In
particular,

the
labels

H
C

N
*

and
O

C
S

*
m

ean
thatthe

m
ain

isotopologues
ofthese

species
are

notincluded,because
oftheirnon-G

aussian
profi

les.T
he

one-σ
error

bars
include

fi
tand

spectralresolution
uncertainties.T

he
verticallines

at
v

L
S

R
=

2.7
and

3.9
km

s
−

1
correspond

to
the

velocity
of

the
com

ponents
B

and
A

,respectively
(see

S
ect. 6).T

he
horizontalline

at5
km

s
−

1
corresponds

approxim
atively

to
the

average
of

the
line

F
W

H
M

range.

agree
in

m
easuring

broader
lines

tow
ards

A
(∼

8
km

s
−

1)
than

B
(∼

3
km

s
−

1).H
ow

ever,the
restvelocity

ofthe
m

olecularem
is-

sion
in

the
tw

o
objects

is
m

ore
uncertain:

there
is

som
e

evi-
dence

thatthe
tw

o
objects

have
diff

erentrestvelocities
(higherin

source
A

than
in

source
B

),butthis
diff

erence
m

ightalso
be

due
to

absorption
by

the
envelope

according
to

C
handleretal.(2005)

or
self-absorption

in
optically

thick
lines

from
source

B
accord-

ing
to

B
ottinellietal.(2004);K

uan
etal.(2004)

also
reportve-

locities
thatare

som
ew

hathigherin
source

A
than

source
B

,w
ith

a
dispersion

larger
than

2.5
km

s
−

1
in

the
values

for
all

species.
A

ccording
to

B
isschop

etal.(2008),both
sources

A
and

B
show

em
ission

at
velocities

betw
een

1.5
and

2.5
km

s
−

1;
H

uang
et

al.
(2005)

m
ention

tw
o

velocity
com

ponents
at

1.5
and

4.5
km

s
−

1

for
source

A
and

show
em

ission
from

B
peaking

at
∼

2
km

s
−

1.
W

e
note

that
all

these
studies

use
m

oderate
spectral

resolutions
(∼

1
km

s
−

1),dealw
ith

a
sm

allnum
ber

of
lines

(often
only

one)

foreach
species

and,in
som

e
cases,su

ff
erfrom

poor
S
/N

forthe
w

eakestlines.
Table

7
sum

m
arizes,

for
each

of
the

species
classifi

ed
according

to
their

kinem
atical

type
in

Table
6,

the
results

of
interferom

etric
observations

tow
ards

the
three

com
ponents

of
IR

A
S

16293
(sources

A
and

B
and

the
envelope).

6
.2

.3
.

In
te

rp
re

ta
tio

n
o

f
th

e
k
in

e
m

a
tic

a
l
ty

p
e

s

O
n

the
basis

of
published

interferom
etric

observations,
each

species
is

assigned
to

one
or

tw
o

of
the

three
com

ponents
(source

A
,B

,and
the

envelope).Forexam
ple,C

N
displays

type
I

kinem
atical

characteristics
(v

L
SR
∼

4
km

s
−

1
and

F
W

H
M
∼

2
km

s
−

1)
and

has
only

found
to

be
associated

w
ith

the
enve-

lope
and

w
as

not
detected

in
any

of
the

tw
o

sources
A

and
B

.

A
23,page
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E
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aux
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A
S

16293-2422
spectralsurvey.I.

F
ig

.6
.

P
lots

of
the

linew
idth,

F
W

H
M

,
versus

the
energy

of
the

upper
level

of
the

transition,
E

up .
T

he
species

are
grouped

as
in

F
ig.

5.
A

ll
the

detected
species

and
the

relevant
isotopologues

of
Table

5
are

plotted,except
those

in
w

hich
the

lines
obviously

have
non-G

aussian
profi

les
(see

text).In
particular,the

labels
H

C
N

*
and

O
C

S
*

m
ean

thatthe
m

ain
isotopologues

of
these

species
are

notincluded,because
of

their
non-G

aussian
profi

les.T
he

one-σ
error

bars
include

fi
tand

spectralresolution
uncertainties.T

he
horizontal

line
at5

km
s
−

1
corresponds

approxim
atively

to
the

average
of

the
line

F
W

H
M

range.

In
contrast,

C
H

3 C
H

O
has

the
characteristics

of
the

type
III

be-
havior

(v
L

SR
=

2
.5–3

km
s
−

1
and

F
W

H
M
≤

4
km

s
−

1)
and

has
only

been
detected

in
the

direction
of

source
B

.
S

om
e

species
of

Table
6

(C
2 H

,
C

3 H
,

C
4 H

,
C

2 S,
N

O
,

H
N

C
,

H
C

S
+,

and
C

S)
have

not
been

observed
w

ith
interferom

eters,to
the

best
of

our
know

ledge,so
are

not
reported

in
Table

7.T
he

correspondence
betw

een
the

four
types

of
Table

6
and

the
interferom

etric
obser-

vations
presented

in
Table

7
suggests

thatthe
species

belonging
to

the
sam

e
kinem

aticaltype
are

associated
w

ith
a

spatially
dif-

ferent
source:

envelope
(type

I),
source

A
(type

II),
source

B
(type

III),and
a

m
ix

ofthe
three

previous
com

ponents
(type

IV
).

W
e

note
that

the
distribution

of
m

olecules
in

four
kinem

atical
types

is
not

an
artifact

or
a

bias
caused

by
the

survey
pointing,

w
hich

detects
m

ore
em

ission
from

source
B

than
source

A
at

higher
frequencies.E

ven
excluding

alllines
observed

atIR
A

M
-

30
m

or
JC

M
T-15

m
telescopes

w
ith

a
H

PB
W

larger
than

14
′′,

i.e.alllines
w

ith
frequencies

higher
than

200
G

H
z,the

v
L

SR
ver-

sus
F

W
H

M
plots

and
the

F
W

H
M

versus
E

up
plots

show
the

sam
e

behavior.

1.
Type

I
corresponds

to
m

olecules
abundantin

the
cold

enve-
lope

of
IR

A
S

16293.W
e

cannot
exclude

that
these

species
also

em
it

in
the

densest
parts

of
sources

A
and

B
but

that
this

em
ission

is
strongly

absorbed
by

the
gas

in
the

envelope.
N

O
,w

hich
show

s
tw

o
broad

and
relatively

brightlines
w

ith
E

up
=

36
K

,
bright

narrow
lines

w
ith

E
up
=

7
K

and
barely

detected
lines

w
ith

E
up
=

19
K

(notincluded
in

this
paper),

m
ightbe

an
exam

ple
of

this
situation,w

hich
deserves

a
de-

tailed
excitation

study
to

com
e.

T
he

343.8
G

H
z

line
asso-

ciated
w

ith
source

B
w

as
identified

by
K

uan
et

al.
(2004)

as
the

C
3 H

2
23

13
,10 –23

12
,11

transition(E
low
=

790
K

)
butthe

C
H

3 C
H

O
18

2
,17 –17

2
,16

transition
(w

ith
E

up
=

166
K

)
seem

s
a

m
ore

reasonable
identification.

2.
Type

II
identifies

m
olecules

prevalently
associated

w
ith

source
A

.A
few

exceptions,forw
hich

em
ission

from
source

B
is

m
entioned

in
the

literature,deserve
som

e
attention.T

he
identification

by
H

uang
etal.(2005)of

a
line

to
SO

2 (v
2
=

1)
associated

w
ith

source
B

is
also

questionable
given

the
very

high
upper

energy
level(E

low
=

1800
K

)
of

the
transition,as

A
23,page
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T
a
b

le
7
.C

orrespondence
betw

een
kinem

atical
types

and
spatial

distri-
butions

derived
from

interferom
etric

observations.

Type
S

ource
A

S
ource

B
E

nvelope
R

efs.
Type

I
(C

3 H
2 )

C
N

B
2004

H
C

N
(H

C
N

)
T

2007
H

C
N

H
2005

H
C

3 N
C

2005
S

O
(S

O
)

C
2005

Type
II

S
O

H
2005

S
O

2
C

2005
S

O
2

(S
O

2 )
H

2005
H

2 C
S

(H
2 C

S
)

H
2005

K
2004

C
H

3 C
H

O
B

2008
C

H
3 O

C
H

3
C

2005
(C

H
3 O

C
H

3 )
C

H
3 O

C
H

3
H

2005
H

2 C
C

O
K

2004
Type

III
(H

2 C
C

O
)

H
2 C

C
O

B
2008

H
C

O
O

C
H

3
R

2006
H

C
O

O
C

H
3

(H
C

O
O

C
H

3 )
B

2004
H

C
O

O
C

H
3

H
C

O
O

C
H

3
K

2004
H

C
O

O
C

H
3

C
2005

C
H

3 O
H

C
2005

C
H

3 O
H

C
H

3 O
H

K
2004

Type
IV

H
2 C

O
H

2 C
O

S
2004

H
2 C

O
H

2 C
O

C
2005

O
C

S
O

C
S

H
2005

N
o
tes.T

he
fi

rstcolum
n

reports
the

kinem
atical

type
of

the
species

ac-
cording

to
the

defi
nition

given
in

Table
6.

C
olum

ns
2–4

report
w

here
the

species
has

been
detected:

source
A

,
B

and
envelope

respectively.
T

he
species

in
parenthesis

m
eans

that
w

eaker
em

ission
has

also
been

observed
in

the
relevant

com
ponent

or
that

they
are

questionable
iden-

tifications
(see

text).
L

ast
colum

n
reports

the
interferom

etric
observa-

tions
references;B

2004: B
ottinellietal.(2004);B

2008:B
isschop

etal.
(2008);

C
2005:

C
handler

et
al.

(2005);
H

2005:
H

uang
et

al.
(2005);

K
2004:

K
uan

et
al.

(2004);
R

2006:
R

em
ijan

&
H

ollis
(2006);

S
2004:

S
chöier

etal.(2004);T
2007:Takakuw

a
etal.(2007).

is
the

attribution
by

H
uang

et
al.

(2005)
of

H
2 C

S
em

ission
to

source
B

,
as

no
m

ap
is

show
n

for
this

species.
Finally,

SO
em

ission
is

rather
extended

and
associated

w
ith

both
sources

A
and

B
( C

handleretal.2005).Itis
possible

thatpart
of

the
line

broadening
is

due
to

w
ings

associated
w

ith
the

outflow
,w

hereas
the

bulk
of

the
em

ission
is

associated
w

ith
the

cold
envelope

(w
hich

w
ould

instead
m

ake
SO

a
species

of
type

I).
In

addition,
w

ithout
detailed

excitation
m

odels
to

be
presented

in
subsequent

studies,
it

is
not

possible
to

exclude
that,

for
som

e
type

II
species,

the
cold

envelope
contributes

to
the

em
ission

observed
at

low
E

up
and

sm
all

F
W

H
M

.
3.

Type
III

species
have

lines
that

are
prevalently

em
itted

by
source

B
.

H
C

O
O

C
H

3 ,
w

hich
has

been
observed

in
both

source
A

and
B

appears
as

a
notable

exception.
E

xcitation
m

odeling
of

this
species

w
illbe

discussed
in

detailin
a

sub-
sequentpaper.Severalqualitative

argum
entsm

ay
already

ex-
plain

w
hy

no
lines

w
ith

type
II

characteristics
are

presentin
this

study:(i)
as

the
lines

em
itted

by
the

source
A

are
m

uch
broader

than
the

lines
em

itted
by

the
source

B
,w

hose
lines

display
a

higher
percentage

of
blending

w
ith

nearby
lines

excluding
them

from
this

study;
(ii)

in
our

large
beam

ob-
servations,em

ission
from

sources
A

and
B

are
superposed;

the
narrow

lines
em

itted
from

the
source

B
appear

“on
top

of
the”

broad
lines

em
itted

by
the

source
A

and
are,

thus,

m
ore

easily
detected;(iii)

this
second

e
ff

ect
is

enhanced
by

the
pointing

tow
ards

the
source

B
.

4.
Type

IV
species

are
a

m
ixed

bag.T
he

species
are

presentin
both

sources
A

and
B

and,som
etim

es,even
in

the
envelope.

D
epending

on
the

intensity
contribution,the

lines
can

have
a

low
or

high
v

L
SR

and
F

W
H

M
.T

herefore,type
IV

species
are

notassociated
w

ith
any

specific
com

ponent.

U
sing

the
kinem

atic
properties

ofthe
lines,w

e
w

ere
able

to
iden-

tify
general

trends
depending

on
w

hether
the

em
ission

of
the

species
originates

in
source

A
or

B
,

although
both

sources
are

included
in

our
single

dish
observations.D

espite
the

kinem
atic

diff
erences

being
sm

all,for
exam

ple
a

diff
erence

in
the
v

L
SR

of
notm

ore
than

1.5
km

s
−

1,w
e

w
ere

able
to

draw
a

generalpicture
thanks

to
the

large
num

ber
of

detected
lines.

6
.3

.
T

h
e

d
y
n

a
m

ic
s

o
f

s
o

u
rc

e
s

A
a

n
d

B

Identifi
ed

w
here

the
em

ission
from

the
various

species
origi-

nates
helps

us
to

clarify
the

nature
of

sources
A

and
B

.
A

s
noted

in
several

previous
w

orks,
A

and
B

have
apparently

dif-
ferent

chem
ical

com
positions:

source
B

is
brighter

in
com

plex
organic

m
olecules,w

hile
source

A
is

brighter
in

sim
pler

S-
and

N
-bearing

m
olecules

(see
Table

7).Furtherm
ore,the

F
W

H
M

of
the

lines
arising

in
source

A
are

broaderthan
in

source
B

.
O

ur
analysis

established
tw

o
additional

properties
that

had
previously

not
been

recognized
(see

discussion
in

Sect.
6.1):

i)
the

tw
o

sources
have

diff
erent

velocities
(v

L
SR )

and
ii)

in
the

source
A

,the
F

W
H

M
ofthe

lines
increases

w
ith

increasing
upper

levelenergy
(Fig.6)w

hereas
itrem

ains
constantin

the
source

B
.

For
the

linew
idth

behavior,
a

related
e
ff

ect,
the

increase
in

F
W

H
M

w
ith

the
excitation

tem
perature,

had
already

been
ob-

served
by

Schöier
et

al.(2002),but
this

represents
a

less
direct

probe
of

the
gas

kinem
atics,

as
it

relied
on

m
odeling

assum
p-

tions
to

derive
the

excitation
tem

peratures.T
he

increase
in

the
line

F
W

H
M

w
ith

increasing
excitation

has
been

interpreted
in

tw
o

w
ays:either

it
is

caused
by

infalling
gas

onto
the

accreting
protostellar

object
(C

eccarelliet
al.2003),or

shocks
caused

by
jet/w

ind
interaction

w
ith

the
innerdense

envelope
(Schöieretal.

2002 ;Jørgensen
etal.2002).T

he
tw

o
interpretations

predictdif-
ferent

m
olecular

em
ission

distributions.
H

ow
ever,

the
existing

m
aps

do
notallow

us
to

distinguish
these

interpretations.In
ad-

dition,to
reliably

diff
erentiate

betw
een

these
tw

o
interpretations

w
e

w
ould

need
to

perform
a

detailed
m

odeling
ofthe

source
that

is
beyond

the
scope

of
this

paper.
A

t
this

stage,
it

can
sim

ply
be

said
that

the
interpretation

of
the

infalling
gas

(C
eccarelli

et
al.

2000b )
w

ould
lead

to
reasonable

estim
ates

of
source

A
and

B
central

m
asses:

for
optically

thin
em

ission,
the

free-fall
velocity

m
ay

be
estim

ated
from

the
linew

idth,assum
ing

thatthe
F

W
H

M
includes

quadratically
a

turbulentw
idth
δ

th
and

the
free-

fall
broadening;its

analytic
expression

yields
the

follow
ing

ex-
pression

of
the

core
m

ass,
w

here
the

w
idths

are
expressed

in
km

s
−

1
and

the
radius

r
in

A
U

.

M
(M
⊙ )
=

1
.4
×

10
−

4(F
W

H
M

2
−
δ

2th )r.
(2)

A
ssum

ing
that

the
turbulent

w
idth

in
the

A
and

B
core

exter-
nal

layers
is

close
to

that
of

the
envelope

static
gas,

w
e

derive
δ

th
∼

2
km

s
−

1
from

the
type

I
species

linew
idths.A

ccording
to

the
interferom

etric
observations

of
type

II
and

type
III

species
reported

in
Table

7,
both

sources
show

a
radius

of
∼

1.5
′′

(i.e.
180

A
U

at
a

distance
of

120
pc).

For
core

A
,

typical
F

W
H

M
larger

than
∼

6
km

s
−

1
lead

to
a

central
m

ass
of

at
least

0.8
M
⊙ ,

w
hereas

forcore
B

,w
here

the
F

W
H

M
is

sm
allerthan

∼
3

km
s
−

1,
the

central
m

ass
cannot

exceed
0.1

M
⊙ .

T
his

assum
es

that
the

A
23,page
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E
.C

aux
etal.:IR

A
S

16293-2422
spectralsurvey.I.

linew
idths

are
due

to
collapsing

envelopes
rather

than
rotating

disks.If
they

w
ere,in

contrast,due
to

rotating
disks,one

w
ould

have
to

take
into

account
the

(unknow
n)

inclination
angle.T

he
available

interferom
eter

observations,
w

hich
are

barely
able

to
spatially

resolve
the

core
A

only
( B

ottinelliet
al.2004),do

not
allow

us
to

distinguish
betw

een
these

tw
o

possibilities.
In

the
follow

ing,w
e

restrict
the

discussion
to

the
infalling

envelopes,
for

sim
plicity,butour

conclusions
are

also
largely

applicable
to

the
disk

case.
T

he
diff

erence
betw

een
the
v

L
SR

ofboth
sources

can
be

inter-
preted

in
the

follow
ing

w
ay:the

source
B

rotates
around

its
com

-
panion,source

A
;fora

distance
of

480
A

U
betw

een
cores

A
and

B
,and

a
core

A
m

ass
of0.8

M
⊙ ,the

rotation
velocity

ofcore
B

is
1.2

km
s
−

1.T
he

observed
diff

erence
betw

een
A

and
B

velocities
(v

L
SR

of3.9
and

2.7
km

s
−

1
respectively)is

thus
perfectly

consis-
tent

w
ith

this
picture.B

ottinelli
et

al.
(2004)

already
discussed

this
possibility

butdid
nothave

enough
evidence

to
state

thatit
w

as
m

ore
likely

than
anotherhypothesis

w
here

the
line

kinem
at-

icalproperties
refl

ectopacity
e
ff

ects.T
he

large
num

ber
of

lines
and

species
observed

in
our

survey
allow

s
us

to
investigate

the
source

dynam
ics.

7
.

C
o

n
c
lu

s
io

n
s

W
e

have
presented

an
unbiased

spectral
survey

of
the

3,
2,

1,
and

0.9
m

m
bands

accessible
from

ground
tow

ards
the

class
0

source
IR

A
S

16293.W
e

used
the

IR
A

M
-30

m
and

JC
M

T-15
m

telescopes,perform
ing

about
300

h
of

observations.T
his

is
the

m
ost

sensitive
survey

ever
published

in
these

bands
tow

ards
a

solar-type
protostar.

T
he

data
have

been
released

for
public

use
in

tw
o

C
L

A
S

S
files,w

hich
can

be
retrieved

on
the

T
IM

A
SSS

w
eb

site
8.T

he
site

also
contains

tw
o

accom
panying

fi
les

(reported
in

the
on

line
m

a-
terial)

providing
inform

ation
about

the
calibration

of
the

single
receiver

settings,
obtained

by
com

paring
the

survey
lines

w
ith

previously
obtained

observations.
T

he
line

density,
∼

20
lines/G

H
z,appears

to
be

as
high

as
in

com
parable

surveys
obtained

tow
ards

high
m

ass
protostars

(w
ith

the
exception

of
SgrB

2).
M

ore
than

one
thousand

unblended
lines

w
ith

S
/N
≥

3
and

upper
energy

levels
low

er
than

250
K

have
been

identifi
ed

by
com

paring
w

ith
the

JPL
and

C
D

M
S

cata-
logs.T

hey
correspond

to
32

chem
ically

distinctspecies,a
chem

-
icalrichness

com
parable

to
those

ofhotcores.T
he

identification
of

37
additional

rare
isotopologues

and,
specifically,num

erous
D

-bearing
m

olecules
confirm

that
IR

A
S

16293
has

a
rem

ark-
ably

high
abundance

of
deuterated

species.T
he

3
m

m
–

0.9
m

m
spectra

are
dom

inated
by

relatively
sim

ple
m

olecules
(C

O
,SO

,
H

2 C
O

,SO
2 ,and

C
H

3 O
H

).H
ow

ever,the
num

erous
w

eakerlines
em

itted
by

larger
m

olecules
account

to
at

least
as

m
uch

as
the

C
O

integrated
line

intensities.
T

he
analysis

of
the

profiles
of

this
large

set
of

identified
lines,and

specifically
the

centralvelocities
and

w
idths,provides

clues
to

help
us

identify
w

here
each

em
ission

predom
inantly

originates:
cold

envelope
(narrow

lines
at

V
L

SR
≃

3
.9

km
s
−

1),
source

A
(broader

lines
at

V
L

SR
≃

3
.9

km
s
−

1),
and

source
B

(narrow
lines

at
V

L
SR
≃

2
.7

km
s
−

1).Furtherm
ore,in

source
A

,
the

line
w

idths
increase

w
ith

the
upper

energy
levelof

the
tran-

sition.If
this

behavior
is

interpreted
as

being
caused

by
gas

in-
falling

tow
ards

a
central

object,the
core

A
m

ass
is
∼

1
M
⊙

and
the

sm
aller

line
w

idths
observed

tow
ards

source
B

set
an

upper
lim

it
to

the
m

ass
of

this
source,

≤
0
.1

M
⊙ .T

he
observed

diff
er-

ence
in

the
V

L
SR ,
∼

1.2
km

s
−

1),is
consistent

w
ith

the
source

B

8
h
t
t
p
:
/
/
w
w
w
-
l
a
o
g
.
o
b
s
.
u
j
f
-
g
r
e
n
o
b
l
e
.
f
r
/
h
e
b
e
r
g
e
s
/

t
i
m
a
s
s
s
/

rotating
around

the
m

ore
m

assive
source

A
.

From
a

chem
ical

pointofview
,the

source
B

show
s

predom
inantem

ission
from

O
-

bearing
com

plex
m

olecules
w

hereas
N

-and
S-bearing

m
olecules

are
strong

em
itters

in
the

source
A

.To
derive

reliable
estim

ates
of

the
corresponding

chem
icalabundances,it

w
ill

be
necessary

to
carry

outcarefulradiative
transferm

odeling,w
hich

w
e

intend
to

presentin
future

articles.
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Table 4. Identified non-blended lines. The line characteristics are derived from Gaussian fits.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

28503 CO (1-0) 115271.20 5.53 7.20E-08 5.90 0.23 7.49 0.54 10.718 0.667 108.94 11.98 broad, wings
28503 CO (2-1) 230538.00 16.60 6.91E-07 5.23 0.39 10.00 0.92 10.405 0.826 189.77 32.26 broad, wings
28503 CO (3-2) 345795.99 33.19 2.50E-06 6.65 0.40 10.91 0.94 14.595 1.087 307.10 55.28 broad, wings
29501 13CO (1-0) 110201.35 5.29 6.33E-08 4.34 0.06 2.82 0.14 3.148 0.135 11.92 1.31 small wings
29501 13CO (2-1) 220398.68 15.87 6.07E-07 3.84 0.10 5.03 0.22 5.440 0.210 48.19 8.19 small wings
29501 13CO (3-2) 330587.97 31.73 2.19E-06 3.63 0.47 4.55 1.13 6.493 1.377 55.92 10.07 wings
30502 C18O (1-0) 109782.17 5.27 6.27E-08 3.92 0.03 2.19 0.06 3.362 0.081 9.88 1.09
30502 C18O (2-1) 219560.35 15.81 6.01E-07 3.57 0.04 3.28 0.10 4.842 0.131 27.88 4.74
30502 C18O (3-2) 329330.55 31.61 2.17E-06 3.67 0.13 3.22 0.30 4.891 0.396 29.79 5.36 self-abs
29006 C17O (1-0) 112359.28 5.39 6.70E-08 4.24 0.25 4.45 0.60 0.511 0.059 3.07 0.34 self-abs
29006 C17O (2-1) 224714.39 16.18 6.43E-07 3.62 0.02 3.66 0.05 1.576 0.020 10.32 1.75
29006 C17O (3-2) 337061.13 32.35 2.32E-06 3.66 0.09 3.15 0.22 2.010 0.121 12.07 2.17 self-abs
48501 SO (22-11) 86093.95 19.31 5.25E-06 4.03 0.09 3.50 0.20 0.804 0.041 3.63 0.4 small wings
48501 SO (23-12) 99299.87 9.23 1.13E-05 4.19 0.02 3.88 0.06 1.930 0.020 9.86 1.09 small wings
48501 SO (54-44) 100029.64 38.58 1.08E-06 4.14 0.10 4.30 0.23 0.191 0.009 1.09 0.12 wings
48501 SO (32-21) 109252.22 21.05 1.08E-05 4.35 0.06 3.63 0.15 0.449 0.016 2.19 0.24
48501 SO (33-22) 129138.92 25.51 2.25E-05 4.09 0.08 3.46 0.18 2.361 0.108 11.39 1.94
48501 SO (65-55) 136634.80 50.66 1.75E-06 4.23 0.11 5.11 0.27 0.200 0.009 1.44 0.25
48501 SO (34-23) 138178.60 15.86 3.17E-05 3.92 0.11 3.79 0.25 3.069 0.174 16.50 2.81
48501 SO (43-32) 158971.81 28.68 4.23E-05 3.96 0.08 3.57 0.18 2.594 0.113 13.74 2.34
48501 SO (44-33) 172181.40 33.78 5.83E-05 4.00 0.08 3.72 0.18 3.161 0.131 18.00 3.06
48501 SO (76-66) 174928.86 64.89 2.51E-06 3.78 0.11 4.89 0.28 0.257 0.012 1.94 0.33
48501 SO (54-43) 206176.01 38.58 1.01E-04 3.99 0.12 4.89 0.33 2.489 0.098 20.49 3.48
48501 SO (55-44) 215220.65 44.10 1.19E-04 4.00 0.02 4.31 0.05 2.919 0.024 21.76 3.70
48501 SO (56-45) 219949.44 34.99 1.34E-04 3.86 0.10 4.48 0.26 4.467 0.210 35.18 5.98
48501 SO (65-54) 251825.77 50.66 1.92E-04 3.80 0.10 4.49 0.27 3.066 0.144 27.27 4.64
48501 SO (66-55) 258255.83 56.50 2.12E-04 4.21 0.12 4.96 0.33 2.139 0.093 21.58 3.67
48501 SO (67-56) 261843.72 47.55 2.28E-04 4.23 0.10 4.83 0.24 4.960 0.202 49.49 8.41
48501 SO (33-23) 339341.46 25.51 1.45E-05 3.77 0.09 4.19 0.25 3.391 0.149 27.20 4.92
48501 SO (87-76) 340714.16 81.25 4.99E-04 3.78 0.07 4.10 0.18 3.886 0.133 30.54 5.50 wings
48501 SO (88-77) 344310.61 87.48 5.19E-04 3.61 0.07 3.62 0.19 2.539 0.104 17.71 3.19 wings
48501 SO (89-78) 346528.48 78.78 5.38E-04 3.71 0.07 3.66 0.18 4.665 0.179 32.93 5.93 wings
50501 34SO (22-11) 84410.69 19.23 4.95E-06 3.91 0.17 5.14 0.42 0.038 0.003 0.25 0.04
50501 34SO (34-23) 135775.73 15.61 3.00E-05 4.16 0.05 2.83 0.13 0.321 0.012 1.28 0.22
50501 34SO (43-32) 155506.80 28.37 3.96E-05 3.86 0.08 3.68 0.18 0.201 0.009 1.09 0.19
50501 34SO (44-33) 168815.14 33.41 5.50E-05 4.29 0.15 5.17 0.36 0.212 0.017 1.49 0.26
50501 34SO (54-43) 201846.48 38.06 9.47E-05 3.52 0.18 5.07 0.44 0.217 0.015 1.83 0.31
50501 34SO (55-44) 211013.03 43.54 1.12E-04 3.99 0.12 5.42 0.28 0.199 0.010 1.85 0.32
50501 34SO (56-45) 215839.92 34.38 1.26E-04 3.67 0.17 4.24 0.41 0.426 0.035 3.13 0.53
50501 34SO (65-54) 246663.47 49.89 1.81E-04 3.93 0.18 4.99 0.43 0.124 0.009 1.19 0.21
50501 34SO (66-55) 253207.02 55.69 2.00E-04 3.73 0.15 6.08 0.38 0.114 0.006 1.38 0.24
50501 34SO (67-56) 256877.81 46.71 2.15E-04 3.91 0.12 5.05 0.31 0.464 0.023 4.73 0.80
50501 34SO (87-76) 333900.98 79.86 4.69E-04 3.56 0.16 4.91 0.42 0.288 0.019 2.68 0.48 wings
50501 34SO (88-77) 337580.15 86.07 4.89E-04 3.30 0.10 5.40 0.25 0.302 0.012 3.12 0.56 wings
50501 34SO (89-78) 339857.27 77.34 5.08E-04 3.68 0.12 5.36 0.29 0.383 0.017 3.93 0.71 wings
30591 o-H2CO (61,5-61,6) 101332.99 72.40 1.57E-06 3.14 0.18 4.43 0.42 0.111 0.009 0.65 0.07
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

30591 o-H2CO (71,6-71,7) 135030.44 97.63 2.79E-06 2.63 0.13 3.26 0.30 0.154 0.012 0.71 0.12
30591 o-H2CO (21,2-11,1) 140839.50 6.76 5.29E-05 4.00 0.24 4.34 0.57 3.051 0.343 18.88 3.21 self abs, wings
30591 o-H2CO (21,1-11,0) 150498.33 7.45 6.46E-05 3.89 0.19 4.49 0.46 2.975 0.232 19.47 3.31 self abs, wings
30591 o-H2CO (81,7-81,8) 173461.70 126.44 4.61E-06 2.40 0.18 4.01 0.44 0.137 0.013 0.85 0.15
30591 o-H2CO (31,3-21,2) 211211.47 16.90 2.27E-04 4.19 0.04 4.80 0.09 3.771 0.060 30.93 5.26
30591 o-H2CO (31,2-21,1) 225697.77 18.29 2.77E-04 3.65 0.25 4.36 0.59 4.646 0.543 36.30 6.17
30591 o-H2CO (51,5-41,4) 351768.65 47.29 1.20E-03 3.59 0.07 2.92 0.16 6.392 0.293 36.28 6.53 wings
30591 o-H2CO (53,3-43,2) 364275.14 143.26 8.88E-04 3.49 0.06 4.16 0.13 1.166 0.033 9.57 1.72
30591 o-H2CO (53,2-43,1) 364288.88 143.26 8.88E-04 3.52 0.06 4.12 0.14 1.186 0.035 9.65 1.74
30581 p-H2CO (20,2-10,1) 145602.95 10.48 7.80E-05 3.52 0.21 3.26 0.50 2.428 0.324 11.40 1.94
30581 p-H2CO (30,3-20,2) 218222.19 20.96 2.81E-04 3.87 0.06 4.30 0.13 3.212 0.083 24.13 4.10
30581 p-H2CO (32,2-22,1) 218475.63 68.09 1.57E-04 3.75 0.08 4.75 0.18 1.036 0.034 8.62 1.47
30581 p-H2CO (32,1-22,0) 218760.07 68.11 1.57E-04 3.69 0.08 4.27 0.19 1.100 0.042 8.22 1.40
30581 p-H2CO (50,5-40,4) 362736.05 52.31 1.37E-03 3.56 0.07 2.87 0.15 3.320 0.153 18.74 3.37 wings
30581 p-H2CO (52,4-42,3) 363945.89 99.54 1.16E-03 3.69 0.07 4.01 0.15 1.512 0.050 11.97 2.15
30581 p-H2CO (52,3-42,2) 365363.43 99.66 1.18E-03 3.62 0.06 3.98 0.15 1.337 0.044 10.51 1.89
31501 HDCO (61,5-61,6) 112066.60 75.53 2.13E-06 2.82 0.27 3.91 0.65 0.042 0.006 0.22 0.04
31501 HDCO (21,1-11,0) 134284.83 17.63 4.59E-05 3.86 0.11 2.82 0.26 0.366 0.029 1.45 0.25
31501 HDCO (71,6-71,7) 149214.25 97.99 3.79E-06 2.67 0.10 2.05 0.25 0.079 0.008 0.23 0.04
31501 HDCO (31,2-21,1) 201341.36 27.29 1.97E-04 3.82 0.15 4.47 0.36 0.557 0.039 4.12 0.70
31501 HDCO (41,4-31,3) 246924.60 37.60 3.96E-04 3.54 0.14 3.91 0.33 0.275 0.020 2.09 0.36
31501 HDCO (40,4-30,3) 256585.54 30.85 4.74E-04 3.92 0.13 4.13 0.31 0.842 0.054 7.02 1.19
31501 HDCO (42,3-32,2) 257748.70 62.77 3.61E-04 3.76 0.14 4.42 0.32 0.231 0.014 2.07 0.36
31501 HDCO (43,2-33,1) 258070.94 102.56 2.11E-04 2.27 0.43 6.12 1.21 0.105 0.015 1.30 0.24
31501 HDCO (41,3-31,2) 268292.02 40.17 5.09E-04 3.71 0.04 4.18 0.10 0.484 0.010 4.30 0.73
31501 HDCO (51,4-41,3) 335096.78 56.25 1.04E-03 3.55 0.16 3.85 0.39 0.532 0.044 3.90 0.70
31503 H13

2 CO (21,2-11,1) 137449.95 21.72 4.93E-05 3.54 0.07 3.18 0.16 0.110 0.005 0.50 0.09
31503 H13

2 CO (20,2-10,1) 141983.74 10.22 7.25E-05 3.38 0.11 3.32 0.26 0.130 0.009 0.62 0.11
31503 H13

2 CO (21,1-11,0) 146635.67 22.38 5.99E-05 3.14 0.13 3.74 0.32 0.181 0.013 0.98 0.17
31503 H13

2 CO (31,3-21,2) 206131.63 31.62 2.11E-04 3.36 0.12 4.28 0.29 0.257 0.015 1.85 0.32
31503 H13

2 CO (30,3-20,2) 212811.18 20.44 2.61E-04 3.12 0.23 3.54 0.62 0.147 0.020 0.89 0.15
31503 H13

2 CO (31,2-21,1) 219908.52 32.94 2.56E-04 2.85 0.19 3.03 0.44 0.330 0.042 1.76 0.30
31503 H13

2 CO (41,4-31,3) 274762.11 44.80 5.47E-04 3.24 0.16 5.31 0.40 0.202 0.013 2.36 0.41
31503 H13

2 CO (50,5-40,4) 353811.87 51.02 1.27E-03 2.56 0.09 1.45 0.21 0.300 0.038 0.85 0.15
31503 H13

2 CO (52,4-42,3) 354898.59 98.41 1.08E-03 2.71 0.10 1.39 0.24 0.200 0.029 0.54 0.10
31503 H13

2 CO (53,3-43,2) 355190.90 157.52 8.25E-04 2.55 0.05 1.23 0.12 0.190 0.016 0.46 0.08
31503 H13

2 CO (53,2-43,1) 355202.60 157.52 8.25E-04 2.43 0.09 1.81 0.21 0.173 0.017 0.61 0.11
31503 H13

2 CO (51,4-41,3) 366270.15 64.59 1.36E-03 2.63 0.07 1.99 0.17 0.337 0.025 1.33 0.24
32592 o-D2CO (30,3-20,2) 174413.12 16.78 1.44E-04 4.09 0.12 2.30 0.27 0.510 0.052 1.80 0.31
32592 o-D2CO (40,4-30,3) 231410.23 27.88 3.47E-04 4.00 0.12 4.18 0.29 0.430 0.026 3.29 0.56
32592 o-D2CO (42,2-32,1) 236102.09 49.80 2.77E-04 4.00 0.26 4.87 0.67 0.171 0.018 1.55 0.27
32592 o-D2CO (60,6-50,5) 342522.13 58.12 1.17E-03 3.40 0.15 3.80 0.40 0.268 0.021 1.96 0.35
32592 o-D2CO (62,5-52,4) 349630.61 80.41 1.11E-03 2.78 0.24 3.86 0.69 0.214 0.026 1.60 0.29
32592 o-D2CO (62,4-52,3) 357871.46 81.21 1.19E-03 2.80 0.21 3.81 0.51 0.199 0.022 1.49 0.27
32582 p-D2CO (21,2-11,1) 110837.83 5.32 2.58E-05 4.34 0.06 1.96 0.15 0.194 0.013 0.51 0.06
32582 p-D2CO (31,3-21,2) 166102.75 13.29 1.10E-04 4.19 0.15 2.66 0.36 0.280 0.032 1.12 0.19
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

32582 p-D2CO (41,4-31,3) 221191.67 23.91 2.85E-04 3.89 0.14 4.22 0.36 0.182 0.012 1.35 0.23
32582 p-D2CO (43,2-33,1) 234293.36 68.57 1.58E-04 2.91 0.23 3.90 0.56 0.048 0.006 0.34 0.07
32582 p-D2CO (41,3-31,2) 245532.75 26.83 3.90E-04 3.62 0.19 4.41 0.50 0.073 0.006 0.62 0.11
32582 p-D2CO (61,6-51,5) 330674.35 53.03 1.02E-03 2.70 0.13 1.43 0.30 0.204 0.037 0.55 0.10
32582 p-D2CO (63,4-53,3) 351894.28 99.52 9.54E-04 2.73 0.07 1.92 0.16 0.157 0.011 0.58 0.11
32582 p-D2CO (63,3-53,2) 352243.69 99.55 9.56E-04 2.62 0.16 1.56 0.42 0.147 0.031 0.45 0.08
32503 H2C18O (21,1-11,0) 143213.07 22.18 5.58E-05 2.94 0.26 3.13 0.68 0.051 0.009 0.23 0.05
32503 H2C18O (30,3-20,2) 208006.44 19.97 2.44E-04 2.58 0.27 3.99 0.64 0.034 0.005 0.23 0.04
32503 H2C18O (51,5-41,4) 335815.93 60.23 1.05E-03 2.70 0.38 2.42 0.92 0.060 0.019 0.28 0.05
32503 H2C18O (51,4-41,3) 357741.05 63.39 1.26E-03 2.62 0.06 1.14 0.14 0.194 0.021 0.44 0.08
64502 SO2 (134,10-143,11) 82951.94 122.97 1.26E-06 2.82 0.44 7.67 1.32 0.028 0.003 0.27 0.04
64502 SO2 (81,7-80,8) 83688.09 36.72 6.82E-06 4.04 0.10 3.89 0.23 0.399 0.021 1.99 0.22
64502 SO2 (83,5-92,8) 86639.09 55.20 1.34E-06 3.10 0.18 4.67 0.44 0.046 0.004 0.28 0.04
64502 SO2 (73,5-82,6) 97702.33 47.84 1.81E-06 3.34 0.23 6.60 0.60 0.040 0.003 0.35 0.05
64502 SO2 (22,0-31,3) 100878.10 12.59 1.03E-06 4.43 0.18 3.29 0.42 0.040 0.005 0.17 0.02
64502 SO2 (31,3-20,2) 104029.42 7.74 1.01E-05 4.13 0.07 3.40 0.16 0.460 0.018 2.08 0.23
64502 SO2 (162,14-153,13) 104033.58 137.53 3.17E-06 3.36 0.14 4.92 0.35 0.055 0.003 0.36 0.04
64502 SO2 (101,9-100,10) 104239.29 54.71 1.12E-05 3.98 0.10 4.17 0.23 0.375 0.018 2.08 0.23
64502 SO2 (121,11-112,10) 129105.83 76.41 9.03E-06 4.14 0.18 5.23 0.43 0.209 0.015 1.52 0.26
64502 SO2 (102,8-101,9) 129514.81 60.93 2.50E-05 4.02 0.09 4.16 0.22 0.432 0.020 2.51 0.43
64502 SO2 (121,11-120,12) 131014.86 76.41 1.86E-05 3.94 0.13 5.18 0.30 0.198 0.010 1.43 0.24
64502 SO2 (142,12-141,13) 132744.86 108.12 2.93E-05 3.86 0.10 5.78 0.25 0.154 0.006 1.25 0.21
64502 SO2 (82,6-81,7) 134004.86 43.15 2.50E-05 4.02 0.12 3.88 0.28 0.347 0.022 1.89 0.32
64502 SO2 (51,5-40,4) 135696.02 15.66 2.21E-05 3.97 0.08 3.10 0.19 0.724 0.038 3.16 0.54
64502 SO2 (53,3-62,4) 139355.06 35.89 3.85E-06 3.66 0.25 4.78 0.60 0.072 0.008 0.49 0.09
64502 SO2 (62,4-61,5) 140306.17 29.20 2.53E-05 3.84 0.07 3.48 0.17 0.501 0.021 2.49 0.42
64502 SO2 (162,14-161,15) 143057.11 137.53 3.57E-05 3.88 0.09 5.81 0.23 0.299 0.010 2.49 0.42
64502 SO2 (104,6-113,9) 146550.08 89.84 5.90E-06 3.40 0.18 6.01 0.46 0.097 0.006 0.84 0.15
64502 SO2 (42,2-41,3) 146605.52 19.03 2.47E-05 3.93 0.09 4.30 0.22 0.468 0.021 2.91 0.50
64502 SO2 (155,11-164,12) 150381.10 171.68 6.95E-06 3.17 0.36 7.53 1.01 0.067 0.006 0.73 0.13
64502 SO2 (22,0-21,1) 151378.63 12.59 1.87E-05 3.96 0.10 3.94 0.24 0.247 0.013 1.42 0.24
64502 SO2 (32,2-31,3) 158199.74 15.34 2.53E-05 3.63 0.11 4.17 0.25 0.352 0.018 2.17 0.37
64502 SO2 (182,16-181,17) 160342.99 170.76 4.69E-05 3.49 0.08 7.03 0.21 0.229 0.005 2.40 0.41
64502 SO2 (43,1-52,4) 160543.06 31.29 4.32E-06 3.70 0.16 3.98 0.38 0.077 0.006 0.46 0.08
64502 SO2 (100,10-919) 160827.88 49.71 3.95E-05 4.01 0.08 3.86 0.20 0.826 0.036 4.76 0.81
64502 SO2 (182,16-173,15) 163119.38 170.76 1.35E-05 3.85 0.25 7.38 0.71 0.119 0.008 1.31 0.23
64502 SO2 (141,13-140,14) 163605.53 101.75 3.01E-05 3.98 0.07 5.63 0.17 0.322 0.008 2.72 0.46
64502 SO2 (52,4-51,5) 165144.65 23.59 3.12E-05 3.97 0.12 2.36 0.27 0.466 0.047 1.66 0.28
64502 SO2 (71,7-60,6) 165225.45 27.08 4.13E-05 3.81 0.12 2.46 0.29 0.743 0.075 2.75 0.47
64502 SO2 (161,15-160,16) 200809.18 130.67 4.70E-05 3.35 0.11 5.76 0.28 0.173 0.007 1.65 0.28
64502 SO2 (120,12-111,11) 203391.55 70.12 8.80E-05 4.12 0.10 5.36 0.24 0.494 0.019 4.41 0.75
64502 SO2 (112,10-111,11) 205300.57 70.22 5.32E-05 3.84 0.11 5.74 0.29 0.351 0.013 3.38 0.58
64502 SO2 (32,2-21,1) 208700.34 15.34 6.72E-05 4.00 0.10 4.87 0.24 0.472 0.019 3.89 0.66
64502 SO2 (163,13-162,14) 214689.39 147.84 9.90E-05 3.72 0.13 6.68 0.36 0.444 0.017 5.12 0.87
64502 SO2 (176,12-185,13) 214728.29 228.96 1.89E-05 3.63 0.12 6.52 0.32 0.108 0.004 1.21 0.22
64502 SO2 (222,20-221,20) 216643.30 248.45 9.27E-05 3.42 0.10 6.87 0.30 0.202 0.006 2.41 0.41
64502 SO2 (111,11-100,10) 221965.22 60.36 1.14E-04 3.99 0.14 5.06 0.35 0.838 0.047 7.51 1.28
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

64502 SO2 (64,2-73,5) 223883.57 58.58 1.16E-05 3.65 0.15 4.62 0.36 0.080 0.005 0.66 0.12
64502 SO2 (202,18-193,17) 224264.81 207.76 3.94E-05 3.42 0.11 5.75 0.30 0.107 0.004 1.10 0.19
64502 SO2 (132,12-131,13) 225153.70 92.99 6.52E-05 3.76 0.11 5.92 0.32 0.381 0.015 4.04 0.69
64502 SO2 (143,11-142,12) 226300.03 118.99 1.07E-04 3.38 0.08 6.46 0.21 0.400 0.010 4.64 0.79
64502 SO2 (1157-124,8) 229347.63 122.01 1.91E-05 2.72 0.18 4.49 0.44 0.105 0.009 0.85 0.15
64502 SO2 (42,2-31,3) 235151.72 19.03 7.69E-05 4.00 0.14 4.64 0.33 0.415 0.025 3.57 0.61
64502 SO2 (161,15-152,14) 236216.69 130.67 7.50E-05 3.89 0.13 6.39 0.37 0.369 0.016 4.39 0.75
64502 SO2 (123,9-122,10) 237068.83 93.96 1.14E-04 3.64 0.06 6.19 0.15 0.335 0.006 3.87 0.66
64502 SO2 (181,17-180,18) 240942.79 163.07 7.02E-05 3.68 0.12 7.82 0.36 0.361 0.011 5.35 0.91
64502 SO2 (52,4-41,3) 241615.80 23.59 8.45E-05 3.91 0.13 5.21 0.32 0.630 0.032 6.24 1.06
64502 SO2 (140,14-131,13) 244254.22 93.90 1.64E-04 4.03 0.10 6.11 0.28 0.565 0.019 6.63 1.13
64502 SO2 (103,7-102,8) 245563.42 72.71 1.19E-04 3.77 0.10 5.58 0.24 0.174 0.006 1.88 0.32
64502 SO2 (152,14-151,15) 248057.40 119.33 8.05E-05 3.52 0.35 7.73 1.02 0.063 0.006 0.94 0.17
64502 SO2 (131,13-120,12) 251199.67 82.18 1.76E-04 3.78 0.12 5.70 0.30 0.607 0.027 6.82 1.16
64502 SO2 (83,5-82,6) 251210.58 55.20 1.20E-04 3.65 0.04 6.10 0.12 0.392 0.006 4.72 0.80
64502 SO2 (63,3-62,4) 254280.54 41.40 1.14E-04 3.23 0.17 6.67 0.51 0.353 0.018 4.71 8.00
64502 SO2 (43,1-42,2) 255553.30 31.29 9.28E-05 4.17 0.28 6.75 0.70 0.060 0.005 0.81 0.14
64502 SO2 (33,1-32,2) 255958.04 27.62 6.62E-05 4.91 0.37 4.64 0.90 0.039 0.006 0.36 0.07
64502 SO2 (53,3-52,4) 256246.95 35.89 1.07E-04 3.82 0.14 5.21 0.34 0.441 0.024 4.63 7.87
64502 SO2 (73,5-72,6) 257099.97 47.84 1.22E-04 3.88 0.16 4.47 0.37 0.398 0.029 3.59 0.62
64502 SO2 (93,7-92,8) 258942.20 63.47 1.32E-04 3.79 0.11 5.88 0.27 0.371 0.014 4.44 0.76
64502 SO2 (113,9-112,10) 262256.91 82.80 1.41E-04 3.75 0.10 6.11 0.26 0.454 0.015 5.74 0.98
64502 SO2 (72,6-61,5) 271529.01 35.50 1.11E-04 3.98 0.18 5.01 0.44 0.440 0.033 4.76 0.81
64502 SO2 (172,16-171,17) 273752.82 149.22 9.97E-05 3.34 0.17 5.94 0.41 0.179 0.010 2.32 0.40
64502 SO2 (153,13-152,14) 275240.18 132.54 1.64E-04 3.72 0.15 5.85 0.39 0.329 0.017 4.23 0.72
64502 SO2 (212,20-211,21) 332091.43 219.53 1.51E-04 3.43 0.23 5.62 0.59 0.114 0.009 1.22 0.22
64502 SO2 (43,1-32,2) 332505.24 31.29 3.29E-04 3.79 0.10 3.71 0.23 0.742 0.040 5.23 0.94
64502 SO2 (82,6-71,7) 334673.35 43.15 1.27E-04 3.76 0.15 3.24 0.35 0.451 0.042 2.78 0.50
64502 SO2 (191,19-180,18) 346652.17 168.14 5.22E-04 3.69 0.07 5.40 0.17 0.442 0.011 4.61 0.83
64502 SO2 (53,3-42,2) 351257.22 35.89 3.36E-04 3.79 0.10 3.79 0.24 0.700 0.038 5.15 0.93
64502 SO2 (144,10-143,11) 351873.87 135.87 3.43E-04 3.75 0.27 7.26 0.76 0.227 0.015 3.20 0.58
64502 SO2 (124,8-123,9) 355045.52 111.00 3.40E-04 3.59 0.10 5.58 0.26 0.349 0.013 3.80 0.69
64502 SO2 (134,10-133,11) 357165.39 122.97 3.51E-04 3.73 0.09 5.49 0.23 0.329 0.011 3.54 0.64
64502 SO2 (154,12-153,13) 357241.19 149.68 3.62E-04 3.72 0.13 6.05 0.34 0.283 0.012 3.35 0.60
64502 SO2 (114,8-113,9) 357387.58 99.95 3.38E-04 3.75 0.10 5.56 0.26 0.411 0.015 4.48 0.81
64502 SO2 (84,4-83,5) 357581.45 72.36 3.06E-04 4.05 0.08 4.62 0.20 0.403 0.014 3.64 0.66
64502 SO2 (94,6-93,7) 357671.82 80.64 3.20E-04 3.93 0.19 5.57 0.51 0.338 0.023 3.68 0.66
64502 SO2 (74,4-73,5) 357892.44 65.01 2.87E-04 3.68 0.08 4.26 0.19 0.434 0.017 3.62 0.65
64502 SO2 (64,2-63,3) 357925.85 58.58 2.60E-04 3.69 0.11 4.69 0.26 0.398 0.019 3.66 0.66
64502 SO2 (174,14-173,15) 357962.91 180.11 3.73E-04 3.51 0.13 5.55 0.32 0.264 0.012 2.86 0.52
64502 SO2 (54,2-53,3) 358013.15 53.07 2.18E-04 3.89 0.11 5.00 0.25 0.313 0.014 3.06 0.55
64502 SO2 (44,0-43,1) 358037.89 48.48 1.45E-04 3.24 0.19 4.37 0.44 0.115 0.010 0.98 0.18
64502 SO2 (200,20-191,19) 358215.63 185.33 5.83E-04 3.56 0.11 5.60 0.28 0.294 0.011 3.23 0.58
64502 SO2 (194,16-193,17) 359770.68 214.26 3.85E-04 3.94 0.18 6.85 0.50 0.220 0.010 2.96 0.53
64502 SO2 (152,14-141,13) 366214.47 119.33 3.04E-04 3.66 0.09 5.26 0.23 0.334 0.012 3.48 0.63
66002 34SO2(31,3-20,2) 102031.88 7.64 9.50E-06 3.68 0.16 3.91 0.37 0.030 0.002 0.15 0.02
66002 34SO2(51,5-40,4) 133471.47 15.54 2.11E-05 4.43 0.23 1.75 0.54 0.066 0.017 0.16 0.03
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

66002 34SO2(62,4-61,5) 134826.12 28.83 2.27E-05 2.79 0.19 5.03 0.52 0.056 0.004 0.40 0.07
66002 34SO2(112,10-111,11) 201376.42 69.74 4.96E-05 2.71 0.24 3.94 0.57 0.042 0.005 0.28 0.06
66002 34SO2(111,11-100,10) 219355.01 60.08 1.11E-04 3.05 0.40 6.39 0.95 0.057 0.007 0.64 0.11
32504 CH3OH (72,6-81,7 A−) 80993.24 102.7 1.04E-06 3.59 0.44 7.43 1.01 0.032 0.004 0.30 0.05
32504 CH3OH (5−1,5-4+0,4, E) 84521.17 40.39 1.97E-06 3.93 0.15 4.25 0.35 0.327 0.024 1.79 0.20
32504 CH3OH (6−2,5-7+1,7 E) 85568.08 74.66 1.13E-06 3.90 0.35 7.68 0.84 0.048 0.004 0.47 0.06
32504 CH3OH (72,6-63,3 A−) 86615.60 102.7 6.85E-07 2.71 0.18 4.65 0.41 0.043 0.003 0.26 0.04
32504 CH3OH (72,5-63,4 A+) 86902.95 102.72 6.92E-07 2.78 0.31 5.31 0.76 0.044 0.005 0.30 0.04
32504 CH3OH (8−4,5-9−3,7 E) 89505.81 171.46 7.65E-07 3.04 0.26 6.30 0.59 0.050 0.004 0.41 0.05
32504 CH3OH (8+3,5-9+2,7 E) 94541.77 131.28 1.29E-06 3.32 0.34 7.46 0.85 0.046 0.004 0.45 0.05
32504 CH3OH (80,8-71,7 A+) 95169.46 83.54 4.26E-06 3.85 0.09 4.75 0.21 0.241 0.009 1.50 0.17
32504 CH3OH (21,2-11,1 A+) 95914.31 21.44 2.49E-06 3.44 0.05 5.18 0.11 0.122 0.002 0.83 0.09
32504 CH3OH (20,2-10,1 A+) 96741.38 6.97 3.41E-06 3.80 0.11 2.81 0.26 0.621 0.047 2.29 0.25
32504 CH3OH (2+0,2-1+0,1 E) 96744.55 20.09 3.41E-06 3.64 0.14 4.47 0.35 0.186 0.012 1.09 0.12
32504 CH3OH (2+1,1-1+1,0 E) 96755.51 28.01 2.62E-06 3.53 0.10 5.00 0.23 0.109 0.004 0.72 0.08
32504 CH3OH (21,1-11,0 A−) 97582.80 21.56 2.63E-06 3.71 0.06 5.32 0.15 0.114 0.003 0.80 0.09
32504 CH3OH (132,11- 123,9 A+) 100638.90 233.61 1.69E-06 2.55 0.11 6.13 0.28 0.064 0.002 0.52 0.06
32504 CH3OH (7−2,6-7+1,6 E) 101293.34 90.91 3.73E-08 2.11 0.39 4.07 0.99 0.020 0.004 0.11 0.02
32504 CH3OH (9−2,8-9+1,8 E) 101737.17 130.4 1.08E-07 2.65 0.23 4.20 0.61 0.041 0.004 0.23 0.03
32504 CH3OH (11−2,10-11+1,10 E) 102658.05 179.19 2.65E-07 2.56 0.25 4.98 0.61 0.046 0.004 0.30 0.04
32504 CH3OH (12−2,11-12+1,11 E) 103381.15 207.08 3.98E-07 2.81 0.28 6.01 0.66 0.041 0.004 0.33 0.04
32504 CH3OH (11−1,11-10−2,9 E) 104300.41 158.64 1.96E-06 3.32 0.18 6.74 0.42 0.079 0.004 0.71 0.08
32504 CH3OH (104,7-113,8 A−) 104354.82 207.99 1.57E-06 3.63 0.45 7.78 1.15 0.047 0.006 0.49 0.06
32504 CH3OH (31,3-40,4 A+) 107013.80 28.35 6.13E-06 3.36 0.12 5.52 0.30 0.068 0.003 0.50 0.06
32504 CH3OH (0+0,0-1−1,1 E) 108893.96 13.13 1.47E-05 3.44 0.12 5.70 0.30 0.043 0.002 0.33 0.05
32504 CH3OH (121,1-112,10 A−) 129433.41 197.08 4.69E-06 2.82 0.22 5.88 0.52 0.112 0.009 0.92 0.16
32504 CH3OH (62,5-71,6 A+) 132621.94 86.46 4.26E-06 2.14 0.26 4.31 0.69 0.071 0.008 0.43 0.08
32504 CH3OH (6−1,6-5+0,5 E) 132890.69 54.31 7.75E-06 3.56 0.09 3.70 0.21 0.279 0.014 1.45 0.25
32504 CH3OH (5−2,4-6−1,6 E) 133605.50 60.73 4.01E-06 4.15 0.18 6.67 0.47 0.095 0.005 0.89 0.16
32504 CH3OH (82,7-73,4 A−) 134896.96 121.27 3.00E-06 4.35 0.31 7.81 0.89 0.122 0.010 1.35 0.23
32504 CH3OH (7+3,4-8+2,6 E) 143169.50 112.71 4.13E-06 3.08 0.27 7.10 0.83 0.121 0.009 1.24 0.21
32504 CH3OH (31,3-21,2 A+) 143865.80 28.35 1.07E-05 3.80 0.09 6.12 0.22 0.307 0.009 2.70 0.46
32504 CH3OH (3+0,3-2+0,2 E) 145093.71 27.05 1.23E-05 3.53 0.10 3.46 0.26 0.358 0.020 1.79 0.30
32504 CH3OH (3−1,3-2−1,2 E) 145097.37 19.51 1.10E-05 3.68 0.12 3.36 0.27 0.655 0.046 3.17 0.54
32504 CH3OH (30,3-20,2 A+) 145103.15 13.93 1.23E-05 3.64 0.08 2.90 0.19 0.856 0.050 3.57 0.61
32504 CH3OH (31,2-21,1 A−) 146368.34 28.59 1.13E-05 3.79 0.09 5.43 0.22 0.310 0.011 2.43 0.41
32504 CH3OH (12−1,12-11−2,10 E) 150884.58 186.43 5.86E-06 3.60 0.21 7.65 0.52 0.146 0.008 1.62 0.28
32504 CH3OH (13+0,13-13−1,13 E) 151860.32 223.82 1.15E-05 3.52 0.19 7.82 0.49 0.077 0.004 0.88 0.15
32504 CH3OH (12+0,12-12−1,12 E) 153281.24 193.79 1.29E-05 2.65 0.30 7.08 0.80 0.120 0.010 1.25 0.21
32504 CH3OH (11+0,11-11−1,11 E) 154425.78 166.05 1.42E-05 2.96 0.17 7.34 0.44 0.124 0.006 1.33 0.23
32504 CH3OH (10+0,10-10−1,10 E) 155320.92 140.6 1.55E-05 3.55 0.13 6.89 0.32 0.143 0.005 1.45 0.25
32504 CH3OH (9+0,9-9−1,9 E) 155997.52 117.46 1.67E-05 3.99 0.13 8.07 0.34 0.166 0.005 1.98 0.34
32504 CH3OH (62,4-71,7 A+) 156127.70 86.47 6.54E-06 3.19 0.34 7.82 1.04 0.110 0.010 1.27 0.22
32504 CH3OH (8+0,8-8−1,8 E) 156488.87 96.61 1.78E-05 3.45 0.13 6.46 0.30 0.205 0.007 1.96 0.33
32504 CH3OH (21,2-30,3 A+) 156602.41 21.44 1.78E-05 3.73 0.10 5.46 0.24 0.278 0.011 2.24 0.38
32504 CH3OH (7+0,7-7−1,7 E) 156828.53 78.08 1.88E-05 3.78 0.08 6.40 0.19 0.270 0.007 2.56 0.44
32504 CH3OH (6+0,6-6−1,6 E) 157048.62 61.85 1.96E-05 3.33 0.14 5.44 0.34 0.232 0.012 1.87 0.32
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

32504 CH3OH (5+0,5-5−1,5 E) 157179.02 47.93 2.04E-05 3.62 0.13 5.24 0.32 0.260 0.013 2.01 0.34
32504 CH3OH (4+0,4-4−1,4 E) 157246.06 36.34 2.10E-05 3.74 0.09 4.34 0.22 0.290 0.013 1.86 0.32
32504 CH3OH (2+0,2-2−1,2 E) 157276.06 20.09 2.18E-05 3.86 0.17 4.90 0.42 0.332 0.023 2.41 0.41
32504 CH3OH (1+1,0-1+0,1 E) 165050.20 23.37 2.35E-05 3.14 0.27 8.18 0.71 0.112 0.008 1.38 0.24
32504 CH3OH (2+1,1-2+0,2 E) 165061.16 28.01 2.34E-05 3.20 0.22 7.24 0.58 0.142 0.008 1.54 0.26
32504 CH3OH (3+1,2-3+0,3 E) 165099.27 34.98 2.33E-05 3.09 0.34 8.41 0.88 0.125 0.010 1.59 0.27
32504 CH3OH (4+1,3-4+0,4 E) 165190.53 44.26 2.32E-05 3.37 0.39 7.85 1.11 0.130 0.013 1.54 0.26
32504 CH3OH (4+1,3-4+0,4 E) 165190.53 44.26 2.32E-05 3.42 0.40 7.84 1.20 0.130 0.012 1.54 0.26
32504 CH3OH (6+1,5-6+0,6 E) 165678.77 69.8 2.30E-05 4.18 0.11 6.51 0.27 0.294 0.010 2.89 0.49
32504 CH3OH (7+1,6-7+0,7 E) 166169.21 86.05 2.28E-05 3.84 0.09 6.82 0.22 0.274 0.007 2.82 0.48
32504 CH3OH (8+1,7-8+0,8 E) 166898.65 104.62 2.28E-05 3.78 0.08 7.22 0.19 0.228 0.005 2.49 0.43
32504 CH3OH (9+1,8-9+0,9 E) 167931.13 125.52 2.27E-05 3.70 0.17 7.63 0.44 0.237 0.011 2.75 0.47
32504 CH3OH (10+1,9-10+0,10 E) 169335.34 148.73 2.28E-05 3.45 0.27 6.79 0.83 0.162 0.013 1.68 0.29
32504 CH3OH ( 3+2,1-2+1,1 E) 170060.58 36.17 2.55E-05 3.78 0.10 3.97 0.23 0.494 0.025 2.99 0.51
32504 CH3OH (11+1,10-11+0,11 E) 171182.58 174.27 2.30E-05 3.86 0.19 7.19 0.48 0.169 0.009 1.86 0.32
32504 CH3OH (7+0,7-6+1,5 E) 172445.95 78.08 1.16E-05 3.60 0.11 6.28 0.27 0.195 0.007 1.87 0.32
32504 CH3OH (100,10-91,9 A+) 198403.22 127.6 4.10E-05 3.53 0.12 6.28 0.31 0.131 0.005 1.35 0.23
32504 CH3OH (84,4-93,7 A+) 201088.98 163.9 9.13E-06 3.07 0.54 6.84 1.34 0.086 0.014 0.97 0.17
32504 CH3OH (52,3-61,6 A+) 201445.59 72.53 1.30E-05 3.29 0.11 8.52 0.28 0.139 0.004 1.97 0.34
32504 CH3OH (11,1-20,2 A+) 205791.27 16.84 3.36E-05 3.52 0.09 5.74 0.21 0.227 0.007 2.19 0.37
32504 CH3OH (1+1,0-0+0,0 E) 213427.12 23.37 3.37E-05 3.50 0.10 5.46 0.25 0.208 0.008 1.96 0.33
32504 CH3OH (5+1,4-4+2,2 E) 216945.60 55.87 1.21E-05 3.31 0.16 6.82 0.52 0.150 0.007 1.78 0.31
32504 CH3OH (4+2,2-3+1,2 E) 218440.05 45.46 4.69E-05 3.81 0.11 5.07 0.28 0.614 0.028 5.45 0.93
32504 CH3OH (8−1,8-7+0,7 E) 229758.76 89.1 4.19E-05 3.38 0.16 5.60 0.40 0.385 0.022 3.92 0.67
32504 CH3OH (3−2,2-4−1,4 E) 230027.06 39.83 1.49E-05 3.27 0.16 6.42 0.41 0.121 0.006 1.41 0.24
32504 CH3OH (10−3,8-11−2,10 E) 232945.83 190.37 2.13E-05 2.73 0.28 6.67 0.70 0.128 0.011 1.57 0.27
32504 CH3OH (51,5-41,4 A+) 239746.25 49.06 5.66E-05 3.27 0.18 4.40 0.42 0.293 0.024 2.43 0.42
32504 CH3OH (5+3,2-6+2,4 E) 240241.50 82.53 1.44E-05 3.34 0.24 7.03 0.61 0.146 0.010 1.94 0.33
32504 CH3OH (5+0,5-4+0,4) E 241700.22 47.94 6.04E-05 3.76 0.10 5.19 0.25 0.641 0.023 6.37 1.08
32504 CH3OH (5−1,5-4−1,4 E) 241767.22 40.39 5.81E-05 3.85 0.16 4.56 0.39 1.088 0.077 9.44 1.61
32504 CH3OH (50,5-40,4 A+) 241791.43 34.82 6.05E-05 4.08 0.12 4.22 0.30 1.248 0.075 10.0 1.70
32504 CH3OH (5+1,4-4+1,3 E) 241879.07 55.87 5.96E-05 3.77 0.15 5.82 0.42 0.496 0.026 5.49 0.93
32504 CH3OH (52,3-42,2 A+) 241887.70 72.53 5.11E-05 3.51 0.16 7.04 0.46 0.299 0.013 4.01 0.68
32504 CH3OH (51,4-41,3 A−) 243915.83 49.66 5.97E-05 3.68 0.10 5.35 0.24 0.499 0.019 5.12 0.87
32504 CH3OH (42,2-51,5 A+) 247228.69 60.93 2.12E-05 3.36 0.36 7.58 0.95 0.061 0.006 0.90 0.16
32504 CH3OH (83,5-82,6 A∓) 251517.26 133.36 7.96E-05 3.04 0.07 6.27 0.19 0.271 0.006 3.36 0.57
32504 CH3OH (63,3-62,4 A∓) 251738.52 98.55 7.46E-05 3.24 0.10 6.40 0.27 0.301 0.010 3.80 0.65
32504 CH3OH (83,6-82,7 A±) 251984.70 133.36 7.99E-05 3.00 0.19 5.56 0.44 0.244 0.018 2.68 0.46
32504 CH3OH (2+1,1-1+0,1 E) 261805.71 28.01 5.57E-05 3.87 0.13 6.04 0.31 0.349 0.015 4.36 0.74
32504 CH3OH (6+1,5-5+2,3 E) 265289.65 69.8 2.58E-05 3.01 0.09 5.92 0.22 0.173 0.006 2.15 0.38
32504 CH3OH (5+2,3-4+1,3 E) 266838.13 57.07 7.74E-05 3.35 0.09 3.69 0.22 0.359 0.019 2.80 0.48
32504 CH3OH (2−2,1-3−1,3 E) 278342.26 32.86 1.65E-05 3.59 0.28 7.87 0.89 0.077 0.005 1.35 0.24
32504 CH3OH (111,10-110,11 A∓) 331502.37 169.01 3.93E-04 3.37 0.14 5.18 0.35 0.319 0.018 3.14 0.57
32504 CH3OH (22,1-31,2 A−) 335133.69 44.67 2.69E-05 3.32 0.22 5.05 0.52 0.122 0.009 1.17 0.21
32504 CH3OH (71,7-61,6 A+) 335582.01 78.97 1.63E-04 3.32 0.08 4.26 0.19 0.238 0.009 1.93 0.35
32504 CH3OH (7+0,7-6+0,6 E) 338124.50 78.08 1.70E-04 3.42 0.14 4.14 0.33 0.319 0.021 2.53 0.46
32504 CH3OH (7−3,5-6−3,4 E) 338559.93 127.71 1.40E-04 2.87 0.24 6.19 0.60 0.151 0.012 1.78 0.32
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

32504 CH3OH (7+3,4-6+3,3 E) 338583.20 112.71 1.39E-04 3.22 0.14 6.19 0.35 0.209 0.010 2.47 0.45
32504 CH3OH (71,6-61,5 A−) 341415.64 80.09 1.71E-04 3.75 0.09 4.44 0.21 0.525 0.021 4.48 0.81
32504 CH3OH (4+0,4-3−1,3 E) 350687.73 36.33 8.67E-05 3.16 0.12 6.55 0.29 0.498 0.019 6.33 1.14
32504 CH3OH (11,1-00,0 A+) 350905.12 16.84 3.31E-04 3.85 0.14 4.54 0.33 0.599 0.037 5.27 0.95
32504 CH3OH (130,13-121,12 A+) 355603.11 211.03 2.53E-04 3.18 0.11 5.77 0.27 0.270 0.010 3.04 0.55
32504 CH3OH (4+1,3-3+0,3 E) 358605.80 44.26 1.32E-04 3.55 0.16 4.79 0.39 0.352 0.024 3.30 0.59
32504 CH3OH (11+0,11-10+1,9 E) 360848.86 166.05 1.21E-04 3.15 0.17 5.91 0.45 0.194 0.011 2.25 0.41
32504 CH3OH (7+2,5-6+1,5 E) 363739.82 87.26 1.71E-04 3.70 0.08 4.72 0.20 0.516 0.019 4.80 0.86
33502 13CH3OH (21,2-11,1 A+) 93619.46 21.30 2.32E-06 3.47 0.23 1.78 0.45 0.028 0.007 0.07 0.01
33502 13CH3OH (2−1,2-1−1,1 E) 94405.16 12.40 2.38E-06 2.65 0.26 2.14 0.62 0.027 0.006 0.08 0.01
33502 13CH3OH (20,2-10,1 A+) 94407.13 6.80 3.17E-06 3.08 0.47 5.53 1.59 0.022 0.003 0.16 0.03
33502 13CH3OH (20,2-10,1 A+) 94411.02 19.91 3.17E-06 3.66 0.54 3.52 1.30 0.019 0.006 0.09 0.02
33502 13CH3OH (21,1-11,0 A−) 95208.66 21.41 2.44E-06 2.65 0.19 6.21 0.47 0.050 0.003 0.41 0.05
33502 13CH3OH (30,3-20,2 A+) 141602.53 13.59 1.15E-05 2.72 0.21 3.89 0.54 0.066 0.007 0.36 0.07
33502 13CH3OH (8+0,8-8−1,8 E) 155695.81 94.59 1.77E-05 2.12 0.15 2.96 0.39 0.070 0.007 0.30 0.06
33502 13CH3OH (50,5-40,4 A+) 235881.17 47.08 5.61E-05 2.90 0.09 3.31 0.23 0.088 0.005 0.54 0.10
33502 13CH3OH (51,4-41,3 A−) 237983.38 48.82 5.54E-05 3.15 0.26 5.95 0.67 0.073 0.007 0.82 0.15
(∗) CH2DOH (20,2-10,1 o1) 89251.20 17.20 3.50 0.29 5.86 0.78 0.029 0.030 0.23 0.02
(∗) CH2DOH (20,2-10,1 e1) 89275.40 13.80 3.16 0.40 5.15 1.02 0.028 0.003 0.19 0.03
(∗) CH2DOH (20,2-10,1 e0) 89407.90 4.50 3.09 0.15 5.26 0.36 0.038 0.003 0.26 0.02
(∗) CH2DOH (30,3-20,2 e1) 133847.30 18.30 2.23 0.50 6.71 0.50 0.078 0.014 0.56 0.10
(∗) CH2DOH (30,3-20,2 o1) 133872.90 21.70 2.91 0.50 4.47 0.50 0.085 0.014 0.39 0.08
(∗) CH2DOH (32,2-22,1 o1) 133881.80 33.60 1.83 0.81 6.16 2.34 0.053 0.016 0.35 0.12
(∗) CH2DOH (32,2-22,1 e0) 134112.40 20.20 1.97 0.50 6.69 0.50 0.057 0.009 0.41 0.07
(∗) CH2DOH (32,1-22,0 e0) 134185.40 20.20 3.00 0.66 5.70 2.14 0.072 0.010 0.31 0.10
(∗) CH2DOH (21,2-30,3 e0) 207780.80 15.90 2.17 0.60 6.65 2.13 0.085 0.013 0.60 0.19
(∗) CH2DOH (52,3-41,4 e1) 223071.30 33.60 2.89 1.02 5.75 2.25 0.081 0.020 0.99 0.30
(∗) CH2DOH (52,3-42,2 e1) 223315.40 40.80 2.23 0.30 4.70 0.50 0.083 0.009 0.83 0.08
(∗) CH2DOH (52,4-42,3 e0) 223422.30 33.60 3.87 0.35 7.54 0.80 0.095 0.025 1.26 0.12
(∗) CHD2OH (20-10 e1) 83129.20 16.98 3.71 0.64 3.40 0.50 0.017 0.006 0.10 0.02
(∗) CHD2OH (20-10 e0) 83289.50 4.17 3.28 0.74 7.74 2.05 0.020 0.006 0.20 0.04
(∗) CHD2OH (42−-32− e1) 166271.00 35.65 3.78 0.67 4.15 0.50 0.057 0.010 0.43 0.09
(∗) CHD2OH (43+-33− e1) 166297.00 46.54 2.55 0.44 3.60 0.50 0.080 0.009 0.52 0.07
(∗) CHD2OH (42+-32+ e1) 166304.00 35.65 2.00 0.49 3.64 0.50 0.070 0.009 0.42 0.07
(∗) CHD2OH (50-40 e1) 207771.00 33.63 1.90 1.26 5.85 0.50 0.051 0.013 0.51 0.13
(∗) CHD2OH (53−-43− e1) 207868.00 53.48 1.69 1.02 4.94 0.50 0.048 0.013 0.43 0.11
(∗) CH3OD (31-30) 110475.80 15.40 2.36 0.45 2.33 0.93 0.016 0.005 0.06 0.02
(∗) CH3OD (11−-11+) 133925.40 6.00 2.56 0.53 4.00 0.50 0.046 0.009 0.32 0.06
(∗) CH3OD (51+-41+) 223308.60 26.80 1.63 0.42 4.00 0.50 0.052 0.009 0.83 0.14
(∗) CH3OD (50+-40+) 226538.70 22.70 3.67 0.53 5.49 1.36 0.110 0.015 1.05 0.20
(∗) CD3OH (41-31 E2) 156237.02 21.50 2.48 0.44 2.48 0.50 0.054 0.007 0.21 0.04
(∗) CD3OH (42-32 A-) 156239.30 42.00 2.20 0.38 2.12 0.50 0.051 0.007 0.17 0.04
(∗) CD3OH (10-11 E2) 160753.93 12.20 2.62 0.25 1.50 0.50 0.047 0.011 0.10 0.03
29507 HCO+ (1-0) 89188.53 4.28 4.19E-05 3.41 0.26 3.63 0.62 3.211 0.477 15.11 1.66 self-abs
29507 HCO+ (3-2) 267557.63 25.68 1.45E-03 3.35 0.09 3.71 0.21 8.559 0.430 69.33 11.79

A
23,page

24
of

41



E
.C

aux
etal.:IR

A
S

16293-2422
spectralsurvey.I.

Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

29507 HCO+ (4-3) 356734.22 42.80 3.57E-03 3.10 0.05 1.27 0.12 24.109 1.904 59.73 10.75 self-abs
30504 H13CO+ (1-0) 86754.29 4.16 3.85E-05 4.17 0.04 2.13 0.08 1.581 0.055 4.36 0.48
30504 H13CO+ (2-1) 173506.70 12.49 3.70E-04 4.48 0.07 2.14 0.15 2.347 0.146 7.71 1.31
30504 H13CO+ (3-2) 260255.34 24.98 1.34E-03 3.60 0.03 3.07 0.08 1.662 0.035 10.48 1.78
30504 H13CO+ (4-3) 346998.34 41.63 3.29E-03 3.52 0.05 2.39 0.11 1.943 0.079 8.97 1.61
30510 DCO+ (2-1) 144077.29 10.37 2.12E-04 4.32 0.01 1.44 0.03 2.638 0.052 5.44 0.92
30510 DCO+ (3-2) 216112.58 20.74 7.66E-04 4.39 0.03 3.08 0.09 1.082 0.023 5.78 0.98
30510 DCO+ (5-4) 360169.78 51.86 3.76E-03 3.86 0.09 2.51 0.22 0.616 0.046 3.04 0.55
31506 HC18O+ (1-0) 85162.22 4.09 3.64E-05 4.18 0.03 1.93 0.08 0.176 0.006 0.44 0.05
31506 HC18O+ (2-1) 170322.63 12.26 3.50E-04 4.33 0.06 1.78 0.15 0.293 0.021 0.80 0.14
31506 HC18O+ (3-2) 255479.39 24.52 1.27E-03 3.62 0.16 2.73 0.39 0.067 0.008 0.37 0.07
31508 D13CO+ (2-1) 141465.13 10.18 2.00E-04 4.40 0.07 1.38 0.16 0.163 0.016 0.32 0.06
31508 D13CO+ (3-2) 212194.49 20.37 7.25E-04 4.63 0.26 3.30 0.56 0.049 0.007 0.28 0.05
30505 HC17O+ (2-1) 174113.17 12.53 3.74E-04 3.94 0.22 4.03 0.71 0.056 0.006 0.35 0.07
44501 CS (2-1) 97980.95 7.05 1.68E-05 3.88 0.08 3.54 0.18 3.393 0.150 15.80 1.74 small wings
44501 CS (3-2) 146969.03 14.11 6.07E-05 3.66 0.14 3.69 0.33 5.353 0.414 28.54 4.85 self-abs
44501 CS (5-4) 244935.56 35.27 2.98E-04 3.65 0.10 4.02 0.25 5.689 0.300 44.06 7.49
44501 CS (7-6) 342882.85 65.83 8.40E-04 3.62 0.06 2.98 0.14 6.638 0.270 38.06 6.85 small wings
46501 C34S (2-1) 96412.95 6.94 1.60E-05 3.83 0.05 2.80 0.13 0.548 0.021 2.01 0.22
46501 C34S (3-2) 144617.10 13.88 5.78E-05 3.68 0.07 3.40 0.17 0.834 0.036 4.08 0.69
46501 C34S (5-4) 241016.09 34.70 2.84E-04 3.58 0.06 4.44 0.15 1.102 0.031 9.27 1.58
46501 C34S (7-6) 337396.46 64.77 8.00E-04 3.44 0.06 3.74 0.13 0.808 0.025 5.77 1.04
45501 13CS (2-1) 92494.31 6.66 1.41E-05 3.86 0.08 3.00 0.19 0.213 0.012 0.83 0.09
45501 13CS (3-2) 138739.33 13.32 5.11E-05 3.80 0.12 3.59 0.27 0.331 0.022 1.69 0.29
45501 13CS (5-4) 231220.68 33.29 2.51E-04 3.38 0.12 5.18 0.29 0.459 0.022 4.35 0.74
45501 13CS (6-5) 277455.41 46.61 4.40E-04 3.73 0.12 4.48 0.29 0.215 0.012 2.14 0.37
45502 C33S (2-1) 97172.06 7.00 1.64E-05 4.64 0.09 2.63 0.20 0.093 0.006 0.32 0.04
45502 C33S (3-2) 145755.73 13.99 5.92E-05 3.39 0.14 6.46 0.32 0.124 0.005 1.16 0.20 hf structure
45502 C33S (5-4) 242913.61 34.98 2.91E-04 3.15 0.09 5.61 0.21 0.318 0.010 3.41 0.58
45502 C33S (7-6) 340052.58 65.28 8.19E-04 3.54 0.11 5.51 0.26 0.217 0.009 2.29 0.41
27501 HCN (1-0) 88631.60 4.25 2.41E-05 4.46 0.33 9.50 0.79 1.765 0.127 21.71 2.39 hf structure
27501 HCN (3-2) 265886.43 25.52 8.36E-04 3.00 0.22 5.94 0.51 2.812 0.209 35.12 5.97
27501 HCN (4-3) 354505.48 42.54 2.05E-03 3.25 0.26 5.73 0.60 3.637 0.331 40.65 7.32 self abs
28002 H13CN (12-01) 86340.18 4.14 2.22E-05 3.88 0.09 2.91 0.25 0.284 0.009 1.04 0.12 hf structure
28002 H13CN (11-01) 86338.77 4.14 2.22E-05 3.84 0.06 2.87 0.17 0.191 0.005 0.75 0.09 hf structure
28002 H13CN (10-01) 86342.27 4.14 2.22E-05 3.81 0.13 2.46 0.33 0.079 0.008 0.25 0.03 hf structure
28002 H13CN (3-2) 259011.82 24.86 6.48E-04 3.32 0.58 6.63 2.62 0.600 0.080 8.16 1.39
28002 H13CN (4-3) 345339.76 41.44 1.90E-03 4.00 0.09 5.39 0.23 0.664 0.022 6.90 1.24
28509 DCN (2-1) 144828.00 10.43 1.27E-04 4.16 0.21 4.24 0.56 0.635 0.062 3.88 0.66
28509 DCN (3-2) 217238.54 20.85 4.57E-04 3.36 0.07 4.54 0.19 0.440 0.013 3.49 0.59
28509 DCN (5-4) 362045.75 52.13 2.25E-03 3.38 0.06 3.48 0.24 0.570 0.015 3.90 0.70 odd profile
28003 HC15N (1-0) 86054.96 4.13 2.20E-05 4.03 0.18 3.51 0.43 0.114 0.012 0.51 0.06
28003 HC15N (2-1) 172107.96 12.39 2.11E-04 3.29 0.16 5.37 0.41 0.228 0.014 1.88 0.32
28003 HC15N (3-2) 258157.10 24.78 7.65E-04 3.70 0.07 6.81 0.21 0.186 0.003 2.57 0.45
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

28003 HC15N (4-3) 344200.32 41.30 1.88E-03 3.39 0.36 6.38 0.99 0.122 0.012 1.49 0.27
44003 CH3CHO (51,5-41,4 A) 93580.86 15.75 2.53E-05 3.15 0.23 2.52 0.56 0.041 0.008 0.13 0.02
44003 CH3CHO (51,5-41,4 E) 93595.28 15.82 2.53E-05 3.14 0.17 2.70 0.40 0.046 0.006 0.16 0.02
44003 CH3CHO (50,5-40,4 E) 95947.34 13.93 2.84E-05 2.88 0.13 2.60 0.32 0.053 0.006 0.18 0.02
44003 CH3CHO (50,5-40,4 A) 95963.38 13.84 2.84E-05 2.82 0.11 2.93 0.25 0.061 0.005 0.24 0.03
44003 CH3CHO (52,4-42,3 A) 96274.20 22.93 2.41E-05 2.66 0.05 2.26 0.11 0.055 0.002 0.16 0.02
44003 CH3CHO (54,1-44,0 E) 96353.16 49.99 1.04E-05 2.40 0.12 2.43 0.28 0.035 0.004 0.11 0.02
44003 CH3CHO (54,2-44,1 E) 96360.78 49.95 1.04E-05 2.67 0.15 2.19 0.34 0.028 0.004 0.08 0.01
44003 CH3CHO (53,2-43,1 E) 96368.35 34.26 1.85E-05 3.35 0.19 3.58 0.52 0.048 0.005 0.22 0.03
44003 CH3CHO (53,2-43,1 A) 96371.75 34.26 1.85E-05 2.59 0.16 2.31 0.39 0.033 0.005 0.10 0.02
44003 CH3CHO (53,3-43,2 E) 96384.40 34.16 1.85E-05 3.27 0.43 3.53 1.13 0.033 0.008 0.16 0.02
44003 CH3CHO (52,4-42,3 E) 96425.62 22.91 2.41E-05 2.83 0.09 1.88 0.21 0.055 0.005 0.13 0.02
44003 CH3CHO (52,3-42,2 E) 96475.54 23.03 2.42E-05 3.03 0.13 2.15 0.29 0.048 0.006 0.13 0.02
44003 CH3CHO (52,3-42,2 A) 96632.63 22.96 2.44E-05 2.84 0.16 2.20 0.37 0.041 0.006 0.12 0.02
44003 CH3CHO (51,4-41,3 E) 98863.33 16.59 2.99E-05 3.15 0.05 2.35 0.11 0.064 0.003 0.20 0.02
44003 CH3CHO (51,4-41,3 A) 98900.95 16.51 2.99E-05 3.10 0.11 2.46 0.25 0.057 0.005 0.19 0.02
44003 CH3CHO (61,6-51,5 A) 112248.73 21.13 4.50E-05 3.08 0.18 3.06 0.46 0.062 0.007 0.26 0.04
44003 CH3CHO (61,6-51,5 E) 112254.52 21.21 4.50E-05 2.91 0.10 2.70 0.23 0.083 0.006 0.30 0.04
44003 CH3CHO (60,6-50,5 E) 114940.19 19.45 4.96E-05 3.23 0.16 4.02 0.45 0.068 0.005 0.37 0.04
44003 CH3CHO (60,6-50,5 A) 114959.91 19.35 4.96E-05 3.31 0.12 3.16 0.29 0.067 0.005 0.29 0.03
44003 CH3CHO (62,5-52,4 A) 115493.94 28.48 4.48E-05 3.21 0.19 4.10 0.54 0.049 0.005 0.27 0.04
44003 CH3CHO (70,7-60,6 E) 133830.49 25.87 7.92E-05 2.93 0.06 2.36 0.14 0.119 0.006 0.39 0.07
44003 CH3CHO (70,7-60,6 A) 133854.10 25.78 7.92E-05 3.69 0.30 3.74 0.79 0.114 0.014 0.60 0.11
44003 CH3CHO (72,6-62,5 A) 134694.45 34.94 7.42E-05 3.34 0.19 3.11 0.50 0.078 0.010 0.34 0.06
44003 CH3CHO (76,1-66,0 E) 134877.32 107.11 2.15E-05 3.18 0.20 2.15 0.47 0.040 0.008 0.12 0.02
44003 CH3CHO (75,2-65,1 E) 134900.24 82.29 3.98E-05 2.50 0.13 1.54 0.31 0.068 0.012 0.15 0.03
44003 CH3CHO (75,3-65,2 E) 134905.47 82.25 3.98E-05 2.66 0.10 1.63 0.22 0.095 0.011 0.22 0.04
44003 CH3CHO (74,3-64,2 E) 134922.26 62.02 5.47E-05 2.57 0.17 3.65 0.47 0.072 0.007 0.37 0.06
44003 CH3CHO (74,4-64,3 E) 134933.40 61.97 5.47E-05 2.74 0.17 1.64 0.39 0.075 0.015 0.17 0.03
44003 CH3CHO (73,5-63,4 A) 134963.33 46.28 6.64E-05 2.90 0.16 2.02 0.38 0.056 0.009 0.16 0.03
44003 CH3CHO (73,4-63,3 E) 134973.05 46.29 6.64E-05 2.45 0.13 2.87 0.32 0.065 0.006 0.26 0.04
44003 CH3CHO (73,4-63,3 A) 134987.26 46.29 6.64E-05 2.56 0.12 2.72 0.26 0.082 0.007 0.33 0.06
44003 CH3CHO (192,17-191,18 A) 135272.97 187.63 1.23E-05 2.60 0.23 1.99 0.55 0.064 0.015 0.18 0.03
44003 CH3CHO (72,5-62,4 E) 135476.68 35.09 7.40E-05 2.96 0.11 2.85 0.27 0.089 0.007 0.36 0.06
44003 CH3CHO (71,6-61,5 E) 138284.88 28.92 8.57E-05 2.99 0.21 2.56 0.50 0.069 0.012 0.25 0.04
44003 CH3CHO (71,6-61,5 A) 138319.75 28.85 8.57E-05 3.30 0.12 4.11 0.33 0.072 0.004 0.42 0.07
44003 CH3CHO (81,8-71,7 A) 149507.55 34.59 1.10E-04 3.37 0.20 3.80 0.56 0.109 0.012 0.60 0.11
44003 CH3CHO (61,6-50,5 A) 152048.58 21.13 1.28E-05 2.90 0.33 4.00 0.88 0.054 0.009 0.31 0.06
44003 CH3CHO (80,8-70,7 A) 152635.07 33.10 1.18E-04 2.72 0.29 3.95 0.78 0.072 0.011 0.42 0.08
44003 CH3CHO (62,5-61,6 A) 153004.35 28.48 1.04E-05 2.71 0.12 2.50 0.29 0.035 0.004 0.13 0.03
44003 CH3CHO (87,1-77,0 E) 154131.38 143.81 2.86E-05 2.76 0.11 1.59 0.25 0.060 0.008 0.14 0.03
44003 CH3CHO (87,1-77,0 A) 154145.47 143.74 2.86E-05 2.03 0.23 1.94 0.54 0.077 0.018 0.22 0.04
44003 CH3CHO (87,2-77,1 A) 154145.47 143.74 2.86E-05 2.03 0.23 1.94 0.54 0.077 0.018 0.22 0.04
44003 CH3CHO (86,2-76,1 E) 154151.99 114.50 5.35E-05 2.97 0.14 1.80 0.33 0.049 0.008 0.13 0.03
44003 CH3CHO (86,3-76,2 E) 154173.84 114.41 5.35E-05 2.32 0.10 1.56 0.24 0.073 0.010 0.17 0.03
44003 CH3CHO (85,3-75,2 E) 154182.91 89.69 7.45E-05 2.93 0.28 3.74 0.74 0.046 0.007 0.25 0.05
44003 CH3CHO (85,4-75,3 E) 154188.54 89.65 7.45E-05 2.68 0.17 2.02 0.40 0.075 0.013 0.22 0.04
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

44003 CH3CHO (84,4-74,3 A) 154201.47 69.49 9.18E-05 2.75 0.07 2.82 0.17 0.115 0.006 0.48 0.08
44003 CH3CHO (83,6-73,5 A) 154274.72 53.69 1.05E-04 3.01 0.08 3.36 0.20 0.077 0.004 0.38 0.07
44003 CH3CHO (83,5-73,4 E) 154296.57 53.69 1.05E-04 2.51 0.10 1.90 0.24 0.092 0.010 0.26 0.05
44003 CH3CHO (82,6-72,5 E) 155179.64 42.54 1.15E-04 3.07 0.17 2.83 0.43 0.103 0.013 0.43 0.08
44003 CH3CHO (82,6-72,5 A) 155342.11 42.50 1.17E-04 3.07 0.16 3.17 0.41 0.086 0.009 0.40 0.07
44003 CH3CHO (81,7-71,6 E) 157937.75 36.50 1.29E-04 3.27 0.14 2.60 0.35 0.112 0.013 0.43 0.08
44003 CH3CHO (81,7-71,6 A) 157974.71 36.43 1.29E-04 3.14 0.19 2.86 0.45 0.097 0.013 0.41 0.07
44003 CH3CHO (82,7-81,8 E) 159691.61 42.33 1.08E-05 2.74 0.32 3.47 0.81 0.031 0.006 0.16 0.03
44003 CH3CHO (100,10-91,9 A) 162043.81 50.44 1.57E-05 2.68 0.08 2.46 0.19 0.054 0.004 0.20 0.04
44003 CH3CHO (100,10-91,9 E) 162371.09 50.53 1.57E-05 2.72 0.21 1.41 0.50 0.046 0.014 0.10 0.02
44003 CH3CHO (92,8-91,9 E) 164727.07 50.64 1.21E-05 2.29 0.07 2.36 0.17 0.066 0.004 0.24 0.05
44003 CH3CHO (71,7-60,6 A) 167980.42 27.42 1.75E-05 2.73 0.16 3.90 0.44 0.070 0.006 0.41 0.08
44003 CH3CHO (91,9-81,8 E) 168088.65 42.73 1.57E-04 4.28 0.32 3.81 0.81 0.111 0.014 0.64 0.12
44003 CH3CHO (91,9-81,8 A) 168093.48 42.66 1.57E-04 3.18 0.17 3.08 0.42 0.115 0.013 0.54 0.10
44003 CH3CHO (90,9-80,8 A) 171296.97 41.32 1.68E-04 2.53 0.20 2.10 0.48 0.102 0.020 0.33 0.06
44003 CH3CHO (98,1-88,0 E) 173388.23 185.90 3.67E-05 2.43 0.17 2.22 0.39 0.040 0.006 0.14 0.04
44003 CH3CHO (96,4-86,3 E) 173453.47 122.74 9.73E-05 2.65 0.19 2.29 0.45 0.067 0.011 0.24 0.05
44003 CH3CHO (93,7-83,6 A) 173594.97 62.02 1.56E-04 2.74 0.15 4.29 0.44 0.077 0.005 0.51 0.10
44003 CH3CHO (92,7-82,6 E) 174982.61 50.94 1.70E-04 3.61 0.17 2.85 0.43 0.090 0.011 0.40 0.08
44003 CH3CHO (101,9-91,8 E) 197094.46 54.48 2.56E-04 3.26 0.50 3.43 1.10 0.077 0.021 0.43 0.08
44003 CH3CHO (142,13-141,14 E) 198062.33 105.90 1.88E-05 3.56 0.25 3.36 0.49 0.027 0.002 0.09 0.03
44003 CH3CHO (91,9-80,8 E) 198698.17 42.73 3.03E-05 3.50 0.36 3.36 0.84 0.015 0.003 0.08 0.03
44003 CH3CHO (183,15-182,16 A) 199332.25 179.21 3.23E-05 2.90 0.44 2.80 1.13 0.036 0.012 0.16 0.04
44003 CH3CHO (111,11-101,10 E) 205161.94 61.54 2.90E-04 2.81 0.31 4.40 0.81 0.080 0.011 0.59 0.10
44003 CH3CHO (111,11-101,10 A) 205170.70 61.46 2.90E-04 3.01 0.11 4.13 0.29 0.065 0.004 0.45 0.08
44003 CH3CHO (110,11-100,10 A) 208267.03 60.43 3.05E-04 3.22 0.19 3.95 0.49 0.065 0.061 0.43 0.08
44003 CH3CHO (163,13-162,14 A) 208730.58 146.56 3.46E-05 3.07 0.24 2.28 0.59 0.052 0.011 0.20 0.04
44003 CH3CHO (112,10-102,9 A) 211243.10 69.99 3.09E-04 3.68 0.29 4.14 0.72 0.070 0.010 0.50 0.09
44003 CH3CHO (112,10-102,9 E) 211273.76 70.00 3.09E-04 3.57 0.28 3.82 0.69 0.064 0.010 0.41 0.07
44003 CH3CHO (116,6-106,5 E) 212021.55 142.16 2.27E-04 2.77 0.21 3.49 0.47 0.049 0.006 0.29 0.05
44003 CH3CHO (115,6-105,5 E) 212059.55 117.44 2.56E-04 2.63 0.20 3.93 0.50 0.060 0.006 0.40 0.07
44003 CH3CHO (115,7-105,6 E) 212066.05 117.41 2.56E-04 2.29 0.39 3.59 0.92 0.059 0.013 0.36 0.07
44003 CH3CHO (114,8-104,7 A) 212128.40 97.25 2.81E-04 3.55 0.15 3.58 0.37 0.061 0.005 0.38 0.07
44003 CH3CHO (114,7-104,6 A) 212134.15 97.25 2.81E-04 2.28 0.20 3.96 0.47 0.056 0.006 0.38 0.07
44003 CH3CHO (114,7-104,6 E) 212151.90 97.18 2.81E-04 2.46 0.34 4.30 0.82 0.056 0.009 0.41 0.07
44003 CH3CHO (114,8-104,7 E) 212171.48 97.14 2.81E-04 2.77 0.27 4.46 0.64 0.053 0.007 0.41 0.07
44003 CH3CHO (113,9-103,8 A) 212257.12 81.47 3.00E-04 2.82 0.10 4.39 0.27 0.081 0.004 0.61 0.11
44003 CH3CHO (113,9-103,8 E) 212384.72 81.39 2.99E-04 2.95 0.17 4.35 0.43 0.064 0.005 0.48 0.08
44003 CH3CHO (113,8-103,7 E) 212400.95 81.48 3.00E-04 2.99 0.11 4.85 0.32 0.079 0.004 0.66 0.11
44003 CH3CHO (101,1-90,9 A) 214443.39 51.62 3.93E-05 2.39 0.67 3.57 1.70 0.034 0.013 0.21 0.05
44003 CH3CHO (112,9-102,8 E) 214800.80 70.60 3.24E-04 3.01 0.28 3.35 0.67 0.130 0.022 0.75 0.13
44003 CH3CHO (112,9-102,8 A) 214845.02 70.57 3.25E-04 3.79 0.33 3.48 0.81 0.112 0.022 0.67 0.12
44003 CH3CHO (42,2-31,2 E) 215604.58 18.40 1.48E-05 2.55 0.40 2.86 0.89 0.032 0.009 0.16 0.04
44003 CH3CHO (162,15-161,16 A) 216435.02 134.36 2.31E-05 2.35 0.21 2.48 0.48 0.035 0.006 0.15 0.04
44003 CH3CHO (143,11-142,12 E) 216534.44 117.68 3.32E-05 2.84 0.26 2.24 0.53 0.041 0.008 0.16 0.04
44003 CH3CHO (111,10-101,9 E) 216581.94 64.87 3.41E-04 3.36 0.21 4.11 0.53 0.084 0.009 0.60 0.11
44003 CH3CHO (111,10-101,9 A) 216630.22 64.81 3.41E-04 3.03 0.13 3.62 0.34 0.069 0.005 0.43 0.08
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

44003 CH3CHO (121,12-111,11 E) 223649.88 72.27 3.78E-04 3.03 0.31 3.61 0.75 0.089 0.016 0.57 0.10
44003 CH3CHO (121,12-111,11 A) 223660.42 72.20 3.78E-04 2.63 0.32 3.66 0.79 0.103 0.018 0.67 0.12
44003 CH3CHO (123,9-122,10 E) 223909.92 92.61 2.95E-05 2.47 0.20 2.08 0.74 0.039 0.011 0.14 0.03
44003 CH3CHO (130,13-121,12 A) 226256.31 83.06 4.91E-05 2.72 0.10 2.25 0.46 0.070 0.012 0.29 0.05
44003 CH3CHO (130,13-121,12 E) 226487.69 83.14 4.90E-05 2.75 0.47 4.00 1.12 0.057 0.013 0.41 0.08
44003 CH3CHO (120,12-110,11 E) 226551.59 71.39 3.94E-04 2.55 0.21 2.36 0.42 0.196 0.032 0.83 0.14
44003 CH3CHO (120,12-110,11 A) 226592.71 71.31 3.94E-04 2.68 0.12 2.37 0.25 0.155 0.015 0.66 0.11
44003 CH3CHO (113,8-112,9 E) 226857.71 81.48 2.78E-05 2.95 0.33 3.08 0.77 0.086 0.019 0.48 0.08
44003 CH3CHO (113,8-112,9 A) 227514.36 81.49 3.90E-05 2.43 0.12 1.55 0.16 0.072 0.006 0.20 0.04
44003 CH3CHO (122,11-112,10 A) 230301.88 81.04 4.04E-04 2.79 0.21 3.93 0.55 0.063 0.007 0.45 0.08
44003 CH3CHO (126,7-116,6 E) 231310.46 153.26 3.16E-04 2.12 0.26 3.79 0.66 0.068 0.010 0.47 0.09
44003 CH3CHO (125,7-115,6 E) 231363.29 128.54 3.48E-04 2.55 0.34 2.51 0.92 0.067 0.020 0.31 0.06
44003 CH3CHO (125,8-115,7 E) 231369.74 128.51 3.48E-04 2.42 0.09 2.30 0.46 0.083 0.013 0.35 0.07
44003 CH3CHO (124,9-114,8 A) 231456.80 108.35 3.75E-04 2.93 0.29 2.67 0.57 0.085 0.016 0.42 0.08
44003 CH3CHO (124,8-114,7 A) 231467.49 108.36 3.75E-04 2.72 0.08 3.49 0.20 0.083 0.004 0.53 0.10
44003 CH3CHO (124,8-114,7 E) 231484.29 108.29 3.75E-04 2.63 0.19 3.56 0.46 0.078 0.008 0.51 0.09
44003 CH3CHO (123,1-113,9 A) 231595.18 92.58 3.96E-04 2.33 0.18 1.60 0.33 0.117 0.019 0.34 0.06
44003 CH3CHO (123,1-113,9 E) 231748.89 92.51 3.94E-04 2.88 0.40 2.62 0.90 0.112 0.034 0.54 0.10
44003 CH3CHO (123,9-113,8 E) 231847.62 92.61 3.94E-04 2.65 0.04 1.94 0.07 0.107 0.003 0.38 0.07
44003 CH3CHO (123,9-113,8 A) 231968.42 92.63 3.98E-04 2.79 0.29 5.27 0.81 0.153 0.016 1.48 0.26
44003 CH3CHO (52,4-41,3 A) 232691.37 22.93 3.10E-05 2.48 0.25 1.89 0.42 0.041 0.008 0.14 0.03
44003 CH3CHO (52,3-41,3 E) 232981.31 23.03 1.34E-05 3.69 0.34 3.70 0.82 0.031 0.006 0.21 0.05
44003 CH3CHO (63,3-62,4 E) 233845.39 39.81 3.38E-05 2.64 0.24 4.04 0.66 0.065 0.006 0.48 0.09
44003 CH3CHO (122,10-112,9 E) 234795.46 81.87 4.28E-04 3.42 0.31 3.82 0.82 0.062 0.010 0.44 0.08
44003 CH3CHO (122,10-112,9 A) 234825.83 81.84 4.28E-04 3.11 0.10 2.27 0.21 0.053 0.005 0.22 0.05
44003 CH3CHO (103,8-102,9 A) 238092.28 71.28 4.26E-05 3.36 0.42 3.29 1.00 0.052 0.013 0.32 0.06
44003 CH3CHO (123,10-12,11 E) 238677.10 92.51 3.41E-05 2.36 0.27 3.25 0.64 0.046 0.008 0.28 0.05
44003 CH3CHO (113,9-112,10 A) 239106.30 81.47 4.37E-05 2.79 0.24 2.54 0.79 0.039 0.010 0.19 0.05
44003 CH3CHO (133,1-132,12 A) 242010.29 104.62 4.61E-05 2.40 0.44 1.56 0.59 0.039 0.007 0.12 0.03
44003 CH3CHO (131,1-121,12 E) 242106.02 83.89 4.81E-04 3.33 0.25 3.58 0.64 0.089 0.012 0.61 0.11
44003 CH3CHO (131,1-121,12 A) 242118.14 83.82 4.81E-04 3.09 0.27 4.63 0.68 0.087 0.010 0.77 0.14
44003 CH3CHO (130,1-120,12 E) 244789.26 83.14 4.99E-04 2.96 0.27 3.20 0.67 0.070 0.012 0.43 0.08
44003 CH3CHO (130,1-120,12 A) 244832.18 83.06 4.99E-04 3.20 0.68 4.12 1.88 0.062 0.019 0.49 0.09
44003 CH3CHO (121,1-110,11 E) 244853.65 72.27 6.20E-05 2.82 0.20 2.09 0.40 0.051 0.009 0.21 0.04
44003 CH3CHO (140,14-131,13 E) 247341.32 95.76 6.63E-05 2.82 0.35 3.44 0.97 0.042 0.008 0.28 0.05
44003 CH3CHO (62,5-51,4 A) 249284.54 28.48 3.62E-05 3.19 0.16 2.54 0.30 0.034 0.004 0.17 0.04
44003 CH3CHO (134,10-124,9 A) 250795.66 120.39 4.87E-04 3.35 0.28 3.06 0.67 0.080 0.015 0.48 0.09
44003 CH3CHO (133,11-123,10 A) 250934.55 104.62 5.10E-04 2.95 0.21 2.28 0.44 0.034 0.006 0.15 0.04
44003 CH3CHO (133,11-123,10 E) 251095.44 104.56 5.05E-04 2.70 0.12 2.69 0.25 0.082 0.007 0.43 0.08
44003 CH3CHO (133,10-123,9 A) 251489.29 104.70 5.14E-04 2.67 0.13 3.59 0.30 0.068 0.005 0.48 0.09
44003 CH3CHO (132,11-122,10 E) 254827.18 94.10 5.51E-04 2.58 0.15 2.25 0.37 0.083 0.012 0.37 0.06
44003 CH3CHO (132,11-122,10 A) 254850.50 94.08 5.51E-04 2.70 0.32 3.85 0.77 0.070 0.012 0.54 0.09
44003 CH3CHO (131,12-121,11 E) 255326.98 88.45 5.64E-04 2.07 0.23 3.99 0.56 0.029 0.003 0.23 0.05
44003 CH3CHO (131,13-120,12 A) 260694.05 83.82 7.73E-05 2.61 0.08 1.81 0.28 0.081 0.010 0.30 0.05
44003 CH3CHO (150,15-141,14 E) 267893.38 109.25 8.70E-05 2.08 0.10 2.88 0.23 0.076 0.005 0.46 0.08
44003 CH3CHO (146,8-136,7 E) 269864.17 178.33 5.49E-04 2.27 0.21 2.24 0.76 0.074 0.020 0.36 0.08
44003 CH3CHO (146,9-136,8 E) 269899.81 178.24 5.49E-04 2.74 0.22 3.54 0.54 0.079 0.010 0.60 0.12
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

44003 CH3CHO (145,9-135,8 E) 269991.32 153.53 5.88E-04 2.37 0.31 3.56 0.72 0.087 0.015 0.66 0.13
44003 CH3CHO (145,10-135,9 E) 269997.52 153.50 5.87E-04 2.57 0.13 2.90 0.28 0.104 0.009 0.65 0.12
44003 CH3CHO (144,11-134,10 A) 270145.42 133.36 6.20E-04 2.44 0.32 2.71 0.83 0.122 0.031 0.71 0.13
44003 CH3CHO (144,11-134,10 E) 270212.78 133.26 6.19E-04 3.00 0.37 3.96 0.91 0.112 0.022 0.95 0.18
44003 CH3CHO (143,12-133,11 A) 270271.70 117.60 6.44E-04 2.18 0.38 4.16 0.91 0.112 0.021 1.00 0.18
44003 CH3CHO (143,12-133,11 E) 270415.84 117.54 6.37E-04 2.95 0.30 3.89 0.78 0.102 0.016 0.86 0.16
44003 CH3CHO (143,11-133,10 E) 270963.26 117.68 6.41E-04 2.46 0.10 2.41 0.25 0.100 0.009 0.52 0.10
44003 CH3CHO (151,15-141,14 E) 278924.43 109.78 7.40E-04 3.02 0.17 2.87 0.41 0.065 0.008 0.41 0.09
44003 CH3CHO (151,15-141,14 A) 278939.44 109.71 7.40E-04 2.34 0.14 3.22 0.34 0.075 0.007 0.54 0.11
44003 CH3CHO (173,15-163,14 A) 328231.53 162.07 1.18E-03 2.92 0.11 1.56 0.26 0.162 0.023 0.48 0.09
44003 CH3CHO (114,8-113,9 E) 328237.67 97.14 1.05E-04 2.66 0.15 0.98 0.31 0.129 0.036 0.24 0.05
44003 CH3CHO (114,7-113,8 A) 328242.99 97.25 1.07E-04 2.89 0.14 1.61 0.38 0.085 0.015 0.26 0.05
44003 CH3CHO (174,14-164,13 A) 328259.00 177.83 1.15E-03 2.21 0.09 1.22 0.22 0.110 0.017 0.25 0.05
44003 CH3CHO (174,14-164,13 E) 328361.96 177.75 1.14E-03 2.62 0.09 0.97 0.18 0.164 0.028 0.30 0.06
44003 CH3CHO (174,13-164,12 A) 328385.99 177.84 1.15E-03 2.49 0.23 1.30 0.54 0.097 0.035 0.24 0.05
44003 CH3CHO (134,10-133,11 A) 328520.34 120.39 1.11E-04 1.98 0.06 1.13 0.13 0.069 0.007 0.15 0.03
44003 CH3CHO (114,8-113,9 A) 328797.19 97.25 1.07E-04 1.84 0.06 1.14 0.13 0.083 0.008 0.18 0.03
44003 CH3CHO (104,7-103,8 A) 328927.15 87.07 1.05E-04 2.69 0.18 1.54 0.45 0.077 0.018 0.23 0.04
44003 CH3CHO (54,2-53,3 E) 328946.84 49.95 6.93E-05 2.36 0.07 0.91 0.22 0.082 0.016 0.14 0.03
44003 CH3CHO (44,1-43,2 E) 328970.47 45.32 4.61E-05 2.64 0.07 1.46 0.20 0.069 0.007 0.19 0.04
44003 CH3CHO (94,6-93,7 A) 329040.02 77.81 1.02E-04 2.33 0.06 0.91 0.10 0.118 0.012 0.20 0.04
44003 CH3CHO (84,4-83,5 A) 329046.77 69.49 9.72E-05 2.99 0.19 1.14 0.47 0.120 0.042 0.26 0.05
44003 CH3CHO (171,16-161,15 E) 331602.53 146.65 1.25E-03 3.03 0.09 1.13 0.21 0.117 0.018 0.25 0.05
44003 CH3CHO (171,16-161,15 A) 331680.47 146.60 1.25E-03 2.62 0.17 1.28 0.47 0.129 0.032 0.32 0.06
44003 CH3CHO (53,3-42,2 A) 331916.57 34.26 1.17E-04 2.71 0.14 1.02 0.35 0.116 0.034 0.22 0.04
44003 CH3CHO (181,18-171,17 E) 333941.28 155.22 1.28E-03 2.51 0.05 1.36 0.12 0.144 0.011 0.37 0.07
44003 CH3CHO (181,18-171,17 A) 333959.74 155.15 1.28E-03 2.28 0.22 2.32 0.52 0.111 0.021 0.49 0.09
44003 CH3CHO (172,15-162,14 E) 334904.64 152.63 1.28E-03 2.74 0.24 1.92 0.62 0.149 0.026 0.55 0.10
44003 CH3CHO (172,15-162,14 A) 334931.81 152.61 1.28E-03 2.46 0.12 1.89 0.28 0.124 0.016 0.45 0.08
44003 CH3CHO (180,18-170,17 E) 335317.99 154.93 1.30E-03 2.43 0.05 1.48 0.13 0.143 0.011 0.40 0.07
44003 CH3CHO (180,18-170,17 A) 335358.84 154.85 1.29E-03 2.62 0.06 1.26 0.15 0.154 0.015 0.37 0.07
44003 CH3CHO (92,7-81,8 A) 339976.01 50.91 5.43E-05 2.90 0.20 1.59 0.46 0.065 0.017 0.20 0.04
44003 CH3CHO (181,18-170,17 E) 341464.93 155.22 1.95E-04 2.52 0.14 1.95 0.34 0.120 0.017 0.45 0.08
44003 CH3CHO (182,17-172,16 E) 343780.08 166.47 1.38E-03 3.20 0.10 1.45 0.25 0.077 0.011 0.22 0.04
44003 CH3CHO (182,17-172,16 A) 343803.08 166.46 1.38E-03 2.78 0.08 1.18 0.20 0.108 0.016 0.24 0.05
44003 CH3CHO (183,16-173,15 E) 347563.58 178.71 1.41E-03 2.55 0.12 1.88 0.28 0.121 0.016 0.44 0.08
44003 CH3CHO (184,15-174,14 A) 347650.37 194.51 1.38E-03 2.34 0.25 1.59 0.61 0.109 0.035 0.34 0.06
44003 CH3CHO (184,15-174,14 E) 347756.85 194.44 1.36E-03 2.71 0.11 1.55 0.27 0.131 0.020 0.39 0.07
44003 CH3CHO (184,14-174,13 E) 347830.95 194.47 1.36E-03 2.48 0.16 1.85 0.39 0.127 0.023 0.45 0.08
44003 CH3CHO (184,14-174,13 A) 347838.99 194.54 1.38E-03 2.24 0.14 1.73 0.35 0.143 0.024 0.48 0.09
44003 CH3CHO (183,15-173,14 E) 350134.53 179.18 1.44E-03 2.98 0.12 2.74 0.31 0.177 0.015 0.94 0.17
44003 CH3CHO (183,15-173,14 A) 350134.53 179.21 1.44E-03 3.13 0.18 3.10 0.46 0.168 0.019 1.01 0.18
44003 CH3CHO (181,17-171,16 E) 350362.91 163.46 1.47E-03 2.33 0.13 1.37 0.30 0.137 0.026 0.37 0.07
44003 CH3CHO (181,17-171,16 A) 350445.94 163.42 1.47E-03 2.55 0.04 1.89 0.09 0.192 0.008 0.70 0.13
44003 CH3CHO (132,12-121,11 E) 350572.18 93.02 9.70E-05 2.71 0.24 1.74 0.63 0.088 0.021 0.30 0.06
44003 CH3CHO (132,12-121,11 A) 351574.51 93.01 9.83E-05 2.80 0.10 1.44 0.25 0.114 0.015 0.32 0.06
44003 CH3CHO (63,3-52,4 A) 351588.98 39.81 1.25E-04 2.50 0.14 1.00 0.30 0.123 0.033 0.24 0.05
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

44003 CH3CHO (190,19-180,18 A) 353425.95 171.82 1.52E-03 2.35 0.10 1.18 0.24 0.152 0.026 0.35 0.06
44003 CH3CHO (182,16-172,15 E) 354813.01 169.66 1.52E-03 2.65 0.18 1.97 0.43 0.124 0.024 0.47 0.09
44003 CH3CHO (182,16-172,15 A) 354845.88 169.64 1.52E-03 3.61 0.11 1.19 0.26 0.149 0.028 0.35 0.06
44003 CH3CHO (191,19-180,18 A) 358507.80 172.06 2.31E-04 2.62 0.12 1.40 0.28 0.105 0.018 0.29 0.05
44003 CH3CHO (192,18-182,17 A) 362561.10 183.86 1.62E-03 2.60 0.12 1.31 0.30 0.123 0.023 0.32 0.06
46509 H2CS (31,3-21,2) 101477.81 22.91 1.26E-05 3.79 0.06 2.59 0.14 0.248 0.012 0.85 0.09
46509 H2CS (30,3-20,2) 103040.45 9.89 1.48E-05 3.88 0.10 2.96 0.24 0.154 0.011 0.61 0.07
46509 H2CS (31,2-21,1) 104617.04 23.21 1.38E-05 3.81 0.10 2.71 0.23 0.229 0.017 0.83 0.09
46509 H2CS (41,4-31,3) 135298.26 29.40 3.27E-05 3.59 0.11 3.03 0.25 0.320 0.023 1.37 0.23
46509 H2CS (40,4-30,3) 137371.21 16.48 3.65E-05 3.94 0.14 2.63 0.32 0.177 0.019 0.66 0.11
46509 H2CS (41,3-31,2) 139483.68 29.91 3.58E-05 3.85 0.11 3.30 0.27 0.324 0.023 1.52 0.26
46509 H2CS (51,5-41,4) 169114.08 37.52 6.68E-05 3.68 0.09 4.10 0.22 0.421 0.020 2.62 0.45
46509 H2CS (50,5-40,4) 171688.12 24.72 7.28E-05 3.94 0.13 4.31 0.31 0.221 0.014 1.46 0.25
46509 H2CS (51,4-41,3) 174345.22 38.27 7.32E-05 3.32 0.10 3.34 0.24 0.367 0.023 1.89 0.32
46509 H2CS (61,6-51,5) 202924.05 47.26 1.19E-04 3.30 0.15 4.08 0.36 0.357 0.027 2.43 0.41
46509 H2CS (60,6-50,5) 205987.86 34.61 1.28E-04 3.34 0.13 4.32 0.29 0.215 0.012 1.55 0.27
46509 H2CS (62,5-52,4) 206054.17 87.28 1.14E-04 4.55 0.08 5.79 0.22 0.152 0.003 1.48 0.25
46509 H2CS (61,5-51,4) 209200.62 48.31 1.30E-04 3.32 0.09 4.80 0.22 0.354 0.014 2.89 0.49
46509 H2CS (71,7-61,6) 236727.02 58.62 1.92E-04 3.66 0.06 4.73 0.15 0.494 0.014 4.36 0.74
46509 H2CS (70,7-60,6) 240266.87 46.14 2.05E-04 3.51 0.15 5.19 0.35 0.287 0.017 2.82 0.48
46509 H2CS (72,6-62,5) 240382.05 98.82 1.88E-04 3.01 0.18 6.73 0.46 0.108 0.006 1.38 0.24
46509 H2CS (72,5-62,4) 240549.07 98.84 1.89E-04 3.75 0.29 6.84 0.75 0.092 0.008 1.19 0.21
46509 H2CS (71,6-61,5) 244048.50 60.03 2.10E-04 3.42 0.06 4.73 0.15 0.380 0.010 3.45 0.59
46509 H2CS (81,8-71,7) 270521.93 71.60 2.90E-04 3.05 0.12 4.78 0.28 0.421 0.021 4.33 0.74
46509 H2CS (82,7-72,6) 274703.35 112.00 2.89E-04 3.68 0.13 5.89 0.34 0.083 0.004 1.07 0.20
46509 H2CS (82,6-72,5) 274953.74 112.03 2.90E-04 4.00 0.14 7.43 0.40 0.094 0.004 1.53 0.27
46509 H2CS (81,7-71,6) 278887.66 73.41 3.18E-04 3.62 0.06 4.20 0.15 0.271 0.008 2.54 0.44
46509 H2CS (101,10-91,9) 338083.20 102.43 5.77E-04 3.21 0.14 3.70 0.34 0.237 0.018 1.68 0.30
46509 H2CS (100,10-90,9) 342946.42 90.59 6.08E-04 3.12 0.19 4.33 0.48 0.154 0.014 1.28 0.23
46509 H2CS (102,8-92,7) 343813.17 143.38 5.88E-04 3.70 0.32 5.77 0.83 0.086 0.009 0.96 0.18
46509 H2CS (101,9-91,8) 348534.36 105.19 6.32E-04 3.76 0.14 5.37 0.35 0.430 0.022 4.47 0.80
47505 H13

2 CS (31,3-21,2) 97632.20 22.54 1.12E-05 4.97 0.35 3.23 0.83 0.013 0.003 0.06 0.02
47505 H13

2 CS (51,4-41,3) 167543.38 37.29 6.49E-05 4.54 0.15 3.27 0.36 0.075 0.007 0.37 0.07
47505 H13

2 CS (71,7-61,6) 227760.42 56.90 1.71E-04 3.32 0.31 3.93 0.74 0.025 0.004 0.17 0.04
47505 H13

2 CS (72,5-62,4) 231280.89 97.06 1.68E-04 3.53 0.40 8.01 1.19 0.155 0.013 2.28 0.39
47504 HDCS (31,3-21,2) 91171.07 17.74 9.12E-06 3.87 0.19 4.00 0.53 0.032 0.002 0.17 0.02
47504 HDCS (30,3-20,2) 92981.60 8.93 1.09E-05 3.90 0.08 1.99 0.27 0.057 0.004 0.15 0.02
47504 HDCS (31,2-21,1) 94828.49 18.09 1.03E-05 3.67 0.24 1.88 0.60 0.028 0.008 0.07 0.01
47504 HDCS (51,5-41,4) 151927.54 30.86 4.83E-05 3.62 0.20 2.97 0.55 0.044 0.006 0.19 0.04
47504 HDCS (50,5-40,4) 154885.03 22.31 5.33E-05 3.81 0.12 3.19 0.35 0.050 0.004 0.23 0.05
60503 OCS (7-6) 85139.10 16.34 1.71E-06 3.22 0.10 5.09 0.25 0.222 0.009 1.46 0.16
60503 OCS (8-7) 97301.21 21.01 2.58E-06 3.11 0.14 4.59 0.33 0.277 0.017 1.67 0.19
60503 OCS (9-8) 109463.06 26.27 3.70E-06 3.08 0.11 4.61 0.26 0.139 0.007 0.86 0.10
60503 OCS (11-10) 133785.90 38.53 6.82E-06 3.20 0.15 4.75 0.34 0.456 0.028 3.04 0.52
60503 OCS (12-11) 145946.81 45.53 8.88E-06 2.91 0.14 4.59 0.34 0.423 0.027 2.80 0.48
60503 OCS (13-12) 158107.36 53.12 1.13E-05 2.84 0.15 4.04 0.36 0.477 0.036 2.86 0.49 wings
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

60503 OCS (14-13) 170267.49 61.29 1.42E-05 3.20 0.19 5.02 0.47 0.385 0.030 2.95 0.50 wings
60503 OCS (17-16) 206745.16 89.31 2.56E-05 2.94 0.18 5.21 0.43 0.580 0.040 5.09 0.87
60503 OCS (18-17) 218903.36 99.81 3.04E-05 2.90 0.20 5.34 0.49 0.615 0.048 5.76 0.98
60503 OCS (19-18) 231060.99 110.90 3.58E-05 3.07 0.15 5.22 0.36 0.606 0.035 5.78 0.98
60503 OCS (20-19) 243218.04 122.57 4.18E-05 3.00 0.12 5.94 0.29 0.503 0.020 5.71 0.97
60503 OCS (21-20) 255374.46 134.83 4.84E-05 4.10 0.50 7.05 1.38 0.047 0.006 0.66 0.12
62505 OC34S (7-6) 83057.97 15.94 1.59E-06 2.64 0.17 3.93 0.48 0.062 0.005 0.31 0.04
62505 OC34S (8-7) 94922.80 20.50 2.40E-06 2.24 0.21 3.05 0.51 0.066 0.009 0.26 0.03
62505 OC34S (11-10) 130515.73 37.58 6.33E-06 2.55 0.15 3.57 0.37 0.112 0.009 0.56 0.10
62505 OC34S (13-12) 154242.78 51.82 1.05E-05 2.34 0.19 3.87 0.52 0.137 0.013 0.78 0.14
62505 OC34S (17-16) 201691.98 87.12 2.37E-05 2.34 0.10 4.92 0.33 0.144 0.006 1.17 0.20
62505 OC34S (18-17) 213553.06 97.37 2.82E-05 2.35 0.08 3.78 0.21 0.177 0.008 1.15 0.20
62505 OC34S (19-18) 225413.64 108.19 3.32E-05 2.51 0.13 4.43 0.35 0.163 0.010 1.29 0.23
62505 OC34S (20-19) 237273.64 119.58 3.88E-05 3.11 0.18 4.90 0.56 0.141 0.010 1.29 0.22
62505 OC34S (23-22) 272849.96 157.16 5.92E-05 2.48 0.15 3.41 0.35 0.133 0.012 0.99 0.18
61502 O13CS (8-7) 96988.12 20.95 2.56E-06 2.07 0.29 4.38 0.79 0.033 0.004 0.19 0.03
61502 O13CS (9-8) 109110.85 26.18 3.66E-06 2.41 0.30 3.05 0.71 0.034 0.007 0.14 0.03
61502 O13CS (11-10) 133355.42 38.40 6.76E-06 2.65 0.15 2.49 0.36 0.090 0.011 0.31 0.06
61502 O13CS (12-11) 145477.20 45.38 8.80E-06 2.26 0.19 4.18 0.48 0.082 0.007 0.49 0.09
61502 O13CS (13-12) 157598.62 52.95 1.12E-05 2.45 0.22 3.85 0.54 0.101 0.011 0.58 0.10
61502 O13CS (14-13) 169719.65 61.09 1.41E-05 2.99 0.29 5.23 0.85 0.072 0.008 0.57 0.11
61502 O13CS (18-17) 218199.00 99.49 3.01E-05 2.77 0.19 6.42 0.48 0.098 0.006 1.10 0.19
61502 O13CS (19-18) 230317.53 110.54 3.54E-05 3.78 0.08 6.20 0.21 0.098 0.002 1.11 0.19
61502 O13CS (21-20) 254552.73 134.40 4.80E-05 2.26 0.30 4.12 0.85 0.076 0.011 0.63 0.11
61502 O13CS (22-21) 266669.38 147.19 5.52E-05 2.20 0.43 4.94 1.10 0.048 0.009 0.50 0.10
60003 HCOOCH3 (72,6-62,5 E) 84449.17 19.00 7.96E-06 2.75 0.25 2.30 0.58 0.017 0.004 0.05 0.02
60003 HCOOCH3 (72,6-62,5 A) 84454.75 18.98 7.96E-06 2.66 0.24 3.31 0.59 0.025 0.004 0.11 0.02
60003 HCOOCH3 (74,4-64,3 A) 86210.06 27.15 6.24E-06 2.93 0.43 4.18 1.16 0.024 0.005 0.13 0.03
60003 HCOOCH3 (74,3-64,2 A) 86250.55 27.15 6.25E-06 2.82 0.20 2.63 0.48 0.023 0.004 0.08 0.02
60003 HCOOCH3 (73,5-63,4 E) 86268.74 22.53 7.50E-06 3.25 0.27 2.45 0.69 0.028 0.006 0.09 0.02
60003 HCOOCH3 (73,4-63,3 A) 87161.29 22.58 7.81E-06 2.72 0.33 3.01 0.82 0.040 0.009 0.15 0.02
60003 HCOOCH3 (71,6-61,5 E) 88843.19 17.96 9.82E-06 3.09 0.36 2.85 1.00 0.035 0.009 0.13 0.02
60003 HCOOCH3 (71,6-61,5 A) 88851.61 17.94 9.82E-06 2.71 0.15 2.77 0.35 0.033 0.004 0.12 0.02
60003 HCOOCH3 (81,8-71,7 E) 89314.66 20.15 1.02E-05 2.37 0.38 3.00 1.08 0.034 0.009 0.13 0.02
60003 HCOOCH3 (72,5-62,4 E) 90145.72 19.68 9.74E-06 2.49 0.17 2.01 0.38 0.045 0.007 0.12 0.02
60003 HCOOCH3 (72,5-62,4 A) 90156.47 19.67 9.75E-06 1.99 0.20 1.61 0.38 0.028 0.006 0.06 0.02
60003 HCOOCH3 (80,8-70,7 E) 90227.66 20.08 1.05E-05 3.35 0.28 2.55 0.69 0.033 0.008 0.11 0.02
60003 HCOOCH3 (82,7-72,6 E) 96070.73 23.61 1.20E-05 2.84 0.13 3.22 0.31 0.043 0.004 0.18 0.02
60003 HCOOCH3 (86,2-76,1 E) 98270.50 45.15 6.05E-06 2.76 0.34 3.08 0.85 0.017 0.004 0.07 0.02
60003 HCOOCH3 (85,3-75,2 E) 98424.21 37.86 8.47E-06 2.75 0.14 2.39 0.32 0.034 0.004 0.11 0.02
60003 HCOOCH3 (85,3-75,2 A) 98435.80 37.84 8.47E-06 2.61 0.20 3.04 0.54 0.040 0.005 0.16 0.02
60003 HCOOCH3 (83,6-73,5 E) 98606.86 27.26 1.20E-05 2.49 0.15 3.56 0.40 0.031 0.003 0.15 0.02
60003 HCOOCH3 (83,6-73,5 A) 98611.16 27.24 1.20E-05 2.67 0.24 3.00 0.65 0.045 0.007 0.18 0.02
60003 HCOOCH3 (84,5-74,4 A) 98682.62 31.89 1.05E-05 2.63 0.14 3.36 0.35 0.047 0.004 0.21 0.03
60003 HCOOCH3 (84,5-74,4 E) 98712.00 31.90 1.02E-05 2.52 0.14 1.96 0.31 0.040 0.006 0.10 0.02
60003 HCOOCH3 (84,4-74,3 E) 98747.91 31.91 1.02E-05 2.58 0.10 2.40 0.27 0.030 0.002 0.09 0.02
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

60003 HCOOCH3 (84,4-74,3 A) 98792.29 31.89 1.05E-05 2.34 0.40 3.20 1.33 0.035 0.008 0.15 0.02
60003 HCOOCH3 (83,5-73,4 E) 100294.60 27.41 1.26E-05 2.37 0.09 2.62 0.21 0.035 0.002 0.12 0.02
60003 HCOOCH3 (83,5-73,4 A) 100308.18 27.40 1.26E-05 2.62 0.13 2.81 0.33 0.034 0.003 0.13 0.02
60003 HCOOCH3 (81,7-71,6 E) 100482.24 22.78 1.43E-05 2.47 0.20 3.36 0.51 0.034 0.004 0.15 0.02
60003 HCOOCH3 (82,6-72,5 E) 103466.57 24.65 1.52E-05 2.16 0.14 3.57 0.36 0.041 0.003 0.20 0.03
60003 HCOOCH3 (82,6-72,5 A) 103478.66 24.63 1.52E-05 2.47 0.16 2.90 0.37 0.039 0.004 0.15 0.02
60003 HCOOCH3 (96,3-86,2 E) 110652.81 50.46 1.10E-05 2.38 0.19 2.04 0.45 0.036 0.007 0.10 0.01
60003 HCOOCH3 (101,10-91,9 E) 110788.66 30.27 1.97E-05 2.31 0.23 2.50 0.57 0.053 0.010 0.18 0.02
60003 HCOOCH3 (101,10-91,9 A) 110790.53 30.26 1.97E-05 2.20 0.30 3.49 0.79 0.038 0.004 0.18 0.02
60003 HCOOCH3 (95,4-85,3 E) 110873.96 43.18 1.38E-05 2.39 0.15 2.60 0.45 0.036 0.004 0.12 0.01
60003 HCOOCH3 (95,5-85,4 E) 110882.33 43.16 1.38E-05 2.82 0.19 2.39 0.53 0.029 0.004 0.09 0.01
60003 HCOOCH3 (95,4-85,3 A) 110890.26 43.16 1.38E-05 2.59 0.25 1.87 0.63 0.023 0.006 0.06 0.01
60003 HCOOCH3 (100,10-90,9 E) 111169.90 30.25 1.99E-05 2.35 0.14 3.57 0.47 0.058 0.004 0.28 0.04
60003 HCOOCH3 (100,10-90,9 A) 111171.63 30.23 1.99E-05 2.72 0.41 3.25 1.06 0.047 0.008 0.20 0.04
60003 HCOOCH3 (94,6-84,5 A) 111195.96 37.22 1.62E-05 2.54 0.20 2.49 0.56 0.047 0.007 0.16 0.03
60003 HCOOCH3 (94,6-84,5 E) 111223.49 37.23 1.53E-05 2.56 0.20 2.00 0.46 0.037 0.007 0.10 0.02
60003 HCOOCH3 (94,5-84,4 A) 111453.30 37.24 1.63E-05 2.74 0.14 2.18 0.37 0.043 0.006 0.13 0.03
60003 HCOOCH3 (91,8-81,7 A) 111682.19 28.12 1.98E-05 2.74 0.29 2.00 0.67 0.027 0.008 0.07 0.02
60003 HCOOCH3 (93,6-83,5 E) 113743.11 32.87 1.92E-05 2.66 0.19 2.53 0.47 0.060 0.009 0.21 0.02
60003 HCOOCH3 (93,6-83,5 A) 113756.61 32.86 1.92E-05 2.70 0.23 2.50 0.69 0.050 0.009 0.17 0.02
60003 HCOOCH3 (102,8-92,7 E) 129296.36 36.45 3.06E-05 2.55 0.09 2.31 0.20 0.081 0.006 0.26 0.05
60003 HCOOCH3 (102,8-92,7 A) 129310.17 36.43 3.06E-05 2.74 0.14 1.67 0.38 0.054 0.007 0.12 0.02
60003 HCOOCH3 (120,12-111,11 E) 131914.52 42.44 5.10E-06 3.08 0.12 1.76 0.29 0.049 0.007 0.12 0.02
60003 HCOOCH3 (121,12-111,11 E) 132105.51 42.44 3.38E-05 2.47 0.25 3.00 0.94 0.061 0.008 0.25 0.05
60003 HCOOCH3 (121,12-111,11 A) 132107.20 42.43 3.38E-05 2.46 0.34 2.00 0.86 0.056 0.012 0.16 0.03
60003 HCOOCH3 (120,12-110,11 E) 132245.13 42.44 3.39E-05 2.37 0.23 3.26 0.68 0.067 0.009 0.31 0.06
60003 HCOOCH3 (120,12-110,11 A) 132246.73 42.42 3.39E-05 2.70 0.22 2.78 0.49 0.050 0.004 0.19 0.04
60003 HCOOCH3 (121,12-110,11 E) 132436.11 42.44 5.16E-06 2.25 0.19 2.49 0.47 0.033 0.005 0.11 0.02
60003 HCOOCH3 (121,12-110,11 A) 132437.49 42.43 5.16E-06 2.33 0.57 2.69 1.31 0.022 0.005 0.08 0.02
60003 HCOOCH3 (111,10-101,9 A) 132928.74 40.38 3.36E-05 2.70 0.28 2.00 0.81 0.052 0.014 0.15 0.03
60003 HCOOCH3 (113,9-103,8 A) 135101.63 44.96 3.37E-05 2.46 0.18 2.23 0.43 0.053 0.009 0.17 0.03
60003 HCOOCH3 (118,3-108,2 E) 135143.06 81.42 1.72E-05 1.86 0.04 2.08 0.10 0.045 0.002 0.13 0.02
60003 HCOOCH3 (118,4-108,3 E) 135156.25 81.40 1.72E-05 2.70 0.35 2.00 0.87 0.043 0.016 0.12 0.02
60003 HCOOCH3 (116,5-106,4 A) 135541.48 62.86 2.59E-05 3.18 0.21 2.50 0.50 0.052 0.009 0.19 0.03
60003 HCOOCH3 (115,7-105,6 A) 135921.95 55.60 2.95E-05 2.21 0.19 2.32 0.47 0.063 0.010 0.21 0.04
60003 HCOOCH3 (115,7-105,6 E) 135942.98 55.61 2.92E-05 1.89 0.12 2.68 0.29 0.052 0.005 0.20 0.03
60003 HCOOCH3 (114,8-104,7 A) 136282.60 49.70 3.25E-05 2.69 0.07 3.83 0.19 0.072 0.003 0.39 0.07
60003 HCOOCH3 (114,7-104,6 E) 137293.18 49.81 3.31E-05 2.83 0.06 3.06 0.16 0.054 0.002 0.23 0.04
60003 HCOOCH3 (114,7-104,6 A) 137313.33 49.80 3.33E-05 2.52 0.07 1.49 0.16 0.050 0.005 0.10 0.02
60003 HCOOCH3 (113,8-103,7 A) 141260.42 45.75 3.87E-05 2.89 0.11 2.59 0.27 0.079 0.007 0.29 0.06
60003 HCOOCH3 (112,9-102,8 E) 141652.99 43.25 4.06E-05 2.34 0.24 2.00 0.56 0.126 0.030 0.36 0.06
60003 HCOOCH3 (130,13-120,12 E) 142815.48 49.29 4.29E-05 2.60 0.07 2.68 0.21 0.106 0.005 0.41 0.07
60003 HCOOCH3 (130,13-120,12 A) 142817.02 49.27 4.29E-05 2.66 0.36 2.00 0.94 0.095 0.026 0.27 0.05
60003 HCOOCH3 (131,13-120,12 E) 142924.51 49.29 6.59E-06 2.90 0.21 2.00 0.64 0.089 0.019 0.25 0.05
60003 HCOOCH3 (131,13-120,12 A) 142925.91 49.28 6.59E-06 2.98 0.20 2.50 0.49 0.088 0.008 0.31 0.06
60003 HCOOCH3 (121,11-111,10 E) 143234.20 47.27 4.22E-05 2.43 0.12 2.96 0.32 0.085 0.007 0.36 0.07
60003 HCOOCH3 (121,11-111,10 A) 143240.51 47.25 4.23E-05 2.44 0.19 2.60 0.51 0.078 0.009 0.29 0.05
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

60003 HCOOCH3 (1210,3-1110,2 E) 147325.39 112.37 1.45E-05 2.64 0.17 2.21 0.40 0.050 0.008 0.16 0.03
60003 HCOOCH3 (129,3-119,2 E) 147397.07 99.78 2.09E-05 2.29 0.09 4.28 0.24 0.100 0.004 0.62 0.11
60003 HCOOCH3 (128,4-118,3 E) 147524.31 88.50 2.65E-05 2.38 0.11 2.46 0.28 0.064 0.006 0.23 0.05
60003 HCOOCH3 (128,5-118,4 E) 147538.64 88.49 2.65E-05 2.54 0.12 2.25 0.31 0.056 0.006 0.18 0.04
60003 HCOOCH3 (126,6-116,5 A) 148045.82 69.96 3.62E-05 2.47 0.33 2.00 0.72 0.067 0.009 0.19 0.04
60003 HCOOCH3 (125,8-115,7 A) 148516.04 62.73 4.03E-05 2.34 0.07 1.67 0.16 0.079 0.007 0.19 0.04
60003 HCOOCH3 (125,8-115,7 E) 148545.01 62.74 3.87E-05 2.58 0.22 2.07 0.60 0.076 0.015 0.23 0.04
60003 HCOOCH3 (125,7-115,6 E) 148614.84 62.76 3.88E-05 2.27 0.18 2.00 0.44 0.085 0.016 0.25 0.05
60003 HCOOCH3 (125,7-115,6 A) 148664.52 62.74 4.04E-05 2.27 0.15 2.50 0.39 0.072 0.009 0.26 0.05
60003 HCOOCH3 (124,9-114,8 E) 148797.79 56.86 4.35E-05 2.23 0.21 3.07 0.80 0.077 0.010 0.34 0.06
60003 HCOOCH3 (124,9-114,8 A) 148805.94 56.84 4.35E-05 2.37 0.12 2.48 0.30 0.085 0.009 0.31 0.06
60003 HCOOCH3 (131,12-122,11 E) 149065.24 54.64 5.23E-06 2.53 0.04 1.41 0.09 0.046 0.002 0.09 0.02
60003 HCOOCH3 (131,12-122,11 A) 149074.31 54.62 5.23E-06 3.37 0.15 1.38 0.36 0.031 0.006 0.06 0.02
60003 HCOOCH3 (124,8-114,7 A) 150618.30 57.03 4.52E-05 2.42 0.23 2.00 0.63 0.094 0.021 0.28 0.05
60003 HCOOCH3 (132,12-122,11 A) 151956.62 54.76 5.05E-05 2.77 0.07 1.96 0.17 0.052 0.004 0.15 0.03
60003 HCOOCH3 (141,14-130,13 A) 153460.91 56.64 8.26E-06 2.64 0.24 2.00 0.64 0.065 0.015 0.19 0.04
60003 HCOOCH3 (122,10-112,9 E) 153553.23 50.62 5.19E-05 2.65 0.11 2.07 0.31 0.072 0.008 0.22 0.04
60003 HCOOCH3 (122,10-112,9 A) 153566.92 50.60 5.20E-05 2.22 0.30 2.00 0.83 0.065 0.019 0.19 0.04
60003 HCOOCH3 (123,9-113,8 A) 155002.32 53.19 5.21E-05 2.47 0.08 1.78 0.18 0.074 0.006 0.19 0.04
60003 HCOOCH3 (132,12-11,11 E) 156397.53 54.78 6.11E-06 2.16 0.14 2.07 0.34 0.041 0.006 0.13 0.03
60003 HCOOCH3 (133,11-13,10 E) 158693.72 59.64 5.61E-05 2.84 0.11 2.27 0.27 0.093 0.006 0.31 0.06
60003 HCOOCH3 (133,11-13,10 A) 158704.39 59.63 5.61E-05 2.51 0.14 2.09 0.36 0.107 0.014 0.33 0.06
60003 HCOOCH3 (1310,3-110,2 E) 159654.88 120.05 2.48E-05 2.79 0.11 1.78 0.26 0.044 0.005 0.12 0.02
60003 HCOOCH3 (1310,4-110,3 E) 159670.85 120.03 2.48E-05 2.85 0.09 1.65 0.22 0.068 0.008 0.17 0.03
60003 HCOOCH3 (137,6-127,5 E) 160178.94 86.26 4.35E-05 2.29 0.10 2.72 0.31 0.055 0.004 0.22 0.04
60003 HCOOCH3 (136,7-126,6 E) 160578.37 77.68 4.86E-05 2.43 0.14 2.70 0.36 0.080 0.008 0.32 0.06
60003 HCOOCH3 (136,8-126,7 A) 160585.83 77.67 4.86E-05 2.26 0.11 3.67 0.34 0.079 0.004 0.43 0.08
60003 HCOOCH3 (136,8-126,7 E) 160591.25 77.67 4.86E-05 2.49 0.20 3.15 0.54 0.081 0.010 0.38 0.07
60003 HCOOCH3 (136,7-126,6 A) 160602.04 77.67 4.86E-05 2.39 0.10 3.42 0.33 0.083 0.005 0.42 0.07
60003 HCOOCH3 (135,9-125,8 E) 161171.47 70.47 5.13E-05 2.63 0.12 3.05 0.33 0.100 0.007 0.45 0.08
60003 HCOOCH3 (134,10-124,9 E) 161262.46 64.59 5.66E-05 2.10 0.26 2.00 0.73 0.093 0.023 0.28 0.05
60003 HCOOCH3 (134,10-124,9 A) 161273.36 64.58 5.66E-05 2.75 0.23 2.99 0.58 0.086 0.007 0.38 0.07
60003 HCOOCH3 (135,8-125,7 E) 161416.14 70.50 5.15E-05 2.32 0.18 2.00 0.44 0.075 0.014 0.22 0.04
60003 HCOOCH3 (135,8-125,7 A) 161458.22 70.49 5.35E-05 2.49 0.06 2.24 0.18 0.106 0.005 0.36 0.06
60003 HCOOCH3 (142,13-132,12 A) 162775.27 62.57 6.24E-05 2.51 0.11 3.33 0.29 0.121 0.008 0.60 0.10
60003 HCOOCH3 (141,13-131,12 E) 163829.68 62.50 6.37E-05 2.71 0.04 1.40 0.09 0.086 0.005 0.18 0.03
60003 HCOOCH3 (150,15-141,14 E) 163925.85 64.52 1.02E-05 2.75 0.07 1.72 0.19 0.061 0.005 0.16 0.03
60003 HCOOCH3 (150,15-141,14 A) 163927.37 64.50 1.02E-05 2.72 0.21 2.00 0.55 0.035 0.008 0.10 0.02
60003 HCOOCH3 (151,15-141,14 E) 163960.39 64.52 6.53E-05 2.59 0.03 2.06 0.07 0.126 0.003 0.39 0.07
60003 HCOOCH3 (151,15-141,14 A) 163961.88 64.50 6.54E-05 2.83 0.46 2.00 0.99 0.141 0.024 0.42 0.07
60003 HCOOCH3 (150,15-140,14 E) 163987.45 64.52 6.54E-05 2.57 0.07 1.68 0.21 0.110 0.009 0.28 0.05
60003 HCOOCH3 (150,15-140,14 A) 163988.91 64.50 6.54E-05 2.66 0.24 2.00 0.64 0.105 0.021 0.32 0.06
60003 HCOOCH3 (151,15-140,14 A) 164023.42 64.50 1.02E-05 2.94 0.06 2.75 0.14 0.067 0.003 0.28 0.05
60003 HCOOCH3 (134,9-124,8 E) 164205.98 64.92 5.98E-05 2.14 0.14 3.16 0.36 0.071 0.006 0.34 0.06
60003 HCOOCH3 (134,9-124,8 A) 164223.82 64.91 5.98E-05 2.58 0.07 1.81 0.17 0.063 0.005 0.17 0.03
60003 HCOOCH3 (132,11-122,1 E) 164955.70 58.53 6.46E-05 2.02 0.25 2.50 0.67 0.036 0.007 0.13 0.03
60003 HCOOCH3 (133,10-123,9 E) 168495.07 61.29 6.78E-05 2.44 0.17 2.55 0.42 0.087 0.012 0.34 0.07
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

60003 HCOOCH3 (133,10-123,9 A) 168513.75 61.28 6.78E-05 2.14 0.25 3.00 0.67 0.091 0.011 0.41 0.08
60003 HCOOCH3 (143,12-133,11 E) 170233.27 67.81 6.99E-05 2.39 0.06 1.64 0.14 0.087 0.006 0.22 0.05
60003 HCOOCH3 (143,12-133,11 A) 170244.09 67.80 6.99E-05 2.81 0.12 2.00 0.33 0.081 0.009 0.25 0.05
60003 HCOOCH3 (64,3-53,3 E) 170458.42 23.02 6.05E-06 2.74 0.17 1.25 0.41 0.055 0.015 0.10 0.03
60003 HCOOCH3 (1410,5-1310,4 E) 172032.76 128.29 3.73E-05 2.20 0.09 3.10 0.22 0.083 0.005 0.39 0.08
60003 HCOOCH3 (149,5-139,4 E) 172157.64 115.71 4.48E-05 3.16 0.05 2.17 0.14 0.068 0.003 0.23 0.05
60003 HCOOCH3 (148,6-138,5 E) 172364.37 104.45 5.16E-05 2.63 0.19 2.30 0.52 0.080 0.012 0.28 0.06
60003 HCOOCH3 (148,7-138,6 E) 172380.95 104.44 5.16E-05 2.37 0.16 2.64 0.41 0.080 0.010 0.32 0.06
60003 HCOOCH3 (151,14-142,13 A) 172393.49 70.85 8.93E-06 2.93 0.15 2.50 0.40 0.058 0.005 0.22 0.05
60003 HCOOCH3 (146,8-136,7 E) 173185.19 86.00 6.32E-05 2.62 0.05 1.60 0.12 0.096 0.006 0.24 0.05
60003 HCOOCH3 (146,9-136,8 E) 173194.27 85.98 6.32E-05 2.56 0.18 3.29 0.53 0.075 0.007 0.38 0.07
60003 HCOOCH3 (146,8-136,7 A) 173218.68 85.98 6.35E-05 2.44 0.12 2.15 0.29 0.079 0.009 0.26 0.05
60003 HCOOCH3 (151,14-141,13 E) 174209.80 70.86 7.69E-05 2.85 0.09 2.75 0.26 0.078 0.005 0.33 0.07
60003 HCOOCH3 (151,14-141,13 A) 174215.56 70.85 7.70E-05 2.59 0.10 2.37 0.26 0.108 0.009 0.40 0.07
60003 HCOOCH3 (145,9-135,8 E) 174377.41 78.87 6.83E-05 2.78 0.07 1.72 0.22 0.102 0.008 0.27 0.05
60003 HCOOCH3 (187,12-186,13 E) 174995.67 133.72 5.36E-06 3.33 0.12 1.60 0.29 0.061 0.009 0.15 0.04
60003 HCOOCH3 (167,9-166,10 A) 176525.62 112.91 7.10E-06 3.39 0.15 1.51 0.35 0.077 0.016 0.18 0.04
60003 HCOOCH3 (166,10-156,9 E) 198636.78 104.45 9.73E-05 2.86 0.47 2.77 0.99 0.026 0.008 0.12 0.03
60003 HCOOCH3 (165,11-155,10 E) 200936.16 97.52 1.10E-04 2.46 0.32 3.00 0.83 0.063 0.014 0.31 0.06
60003 HCOOCH3 (165,11-155,10 A) 200956.37 97.51 1.10E-04 2.40 0.21 2.42 0.45 0.063 0.010 0.25 0.05
60003 HCOOCH3 (173,15-163,14 A) 203864.21 95.55 1.22E-04 3.33 0.40 3.00 0.94 0.144 0.014 0.72 0.13
60003 HCOOCH3 (182,17-172,16 A) 205501.70 98.96 1.28E-04 2.50 0.19 3.42 0.43 0.077 0.007 0.44 0.08
60003 HCOOCH3 (181,17-171,16 E) 205663.74 98.96 1.28E-04 2.24 0.52 3.00 1.30 0.081 0.030 0.41 0.08
60003 HCOOCH3 (181,17-171,16 A) 205669.41 98.94 1.28E-04 2.41 0.19 2.88 0.44 0.075 0.010 0.36 0.07
60003 HCOOCH3 (164,12-154,11 E) 206247.92 92.59 1.24E-04 2.24 0.19 3.78 0.47 0.059 0.006 0.37 0.07
60003 HCOOCH3 (163,13-153,12 A) 206619.48 89.25 1.28E-04 2.37 0.11 2.24 0.20 0.081 0.007 0.31 0.06
60003 HCOOCH3 (172,15-162,14 A) 206719.92 95.26 1.28E-04 2.87 0.09 3.90 0.25 0.075 0.004 0.50 0.09
60003 HCOOCH3 (174,14-164,13 E) 209918.52 101.43 1.31E-04 1.94 0.49 3.73 1.32 0.078 0.021 0.49 0.09
60003 HCOOCH3 (177,10-167,9 E) 210434.51 123.02 1.16E-04 2.85 0.34 2.74 0.57 0.047 0.009 0.22 0.04
60003 HCOOCH3 (177,11-167,10 A) 210442.75 123.01 1.17E-04 2.58 0.14 4.08 0.33 0.056 0.004 0.39 0.07
60003 HCOOCH3 (177,11-167,10 E) 210451.40 123.01 1.16E-04 2.12 0.14 4.11 0.33 0.052 0.004 0.37 0.07
60003 HCOOCH3 (177,10-167,9 A) 210463.20 123.01 1.17E-04 2.56 0.25 3.83 0.61 0.049 0.006 0.32 0.06
60003 HCOOCH3 (176,12-166,11 E) 211266.10 114.57 1.21E-04 2.31 0.19 4.09 0.46 0.048 0.005 0.33 0.06
60003 HCOOCH3 (176,11-166,10 A) 211575.13 114.59 1.25E-04 1.95 0.55 3.00 1.34 0.078 0.029 0.40 0.07
60003 HCOOCH3 (175,13-165,12 E) 211771.08 107.49 1.30E-04 1.97 0.39 3.50 1.03 0.076 0.016 0.45 0.08
60003 HCOOCH3 (175,13-165,12 A) 211784.86 107.48 1.31E-04 2.84 0.59 3.43 1.29 0.062 0.008 0.37 0.07
60003 HCOOCH3 (175,12-165,11 A) 214652.63 107.81 1.36E-04 2.05 0.33 4.06 0.86 0.085 0.014 0.60 0.11
60003 HCOOCH3 (183,16-173,15 A) 214792.55 105.86 1.44E-04 2.20 0.44 3.00 1.08 0.138 0.041 0.72 0.13
60003 HCOOCH3 (182,16-172,15 E) 216830.20 105.68 1.48E-04 2.13 0.51 4.26 1.46 0.057 0.011 0.42 0.08
60003 HCOOCH3 (182,16-172,15 A) 216838.89 105.67 1.48E-04 2.57 0.25 3.37 0.59 0.066 0.010 0.39 0.07
60003 HCOOCH3 (173,14-163,13 E) 218280.90 99.73 1.51E-04 2.66 0.13 4.47 0.36 0.086 0.005 0.67 0.12
60003 HCOOCH3 (173,14-163,13 A) 218297.89 99.72 1.51E-04 2.46 0.09 4.18 0.23 0.091 0.004 0.67 0.12
60003 HCOOCH3 (174,13-164,12 E) 220166.89 103.15 1.52E-04 3.00 0.22 3.31 0.52 0.058 0.008 0.34 0.07
60003 HCOOCH3 (174,13-164,12 A) 220190.29 103.15 1.52E-04 1.54 0.23 3.39 0.60 0.065 0.010 0.39 0.08
60003 HCOOCH3 (184,15-174,14 E) 221660.48 112.06 1.55E-04 1.89 0.15 4.67 0.43 0.096 0.006 0.80 0.14
60003 HCOOCH3 (85,3-74,3 E) 222657.32 37.86 1.58E-05 2.31 0.41 3.00 0.95 0.032 0.009 0.17 0.04
60003 HCOOCH3 (186,12-176,11 A) 224609.38 125.37 1.52E-04 2.18 0.18 2.93 0.45 0.071 0.009 0.37 0.07
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

60003 HCOOCH3 (193,17-183,16 E) 225608.82 116.70 1.67E-04 2.69 0.22 3.38 0.58 0.088 0.011 0.53 0.10
60003 HCOOCH3 (202,19-192,18 E) 226713.06 120.22 1.72E-04 2.45 0.37 4.00 0.96 0.147 0.027 1.06 0.18
60003 HCOOCH3 (202,19-192,18 A) 226718.69 120.21 1.72E-04 2.23 0.21 3.07 0.53 0.130 0.019 0.72 0.12
60003 HCOOCH3 (185,13-175,12 E) 228628.88 118.79 1.66E-04 2.60 0.30 2.86 0.79 0.093 0.011 0.48 0.08
60003 HCOOCH3 (185,13-175,12 A) 228651.40 118.78 1.66E-04 2.33 0.22 2.57 0.50 0.111 0.019 0.52 0.09
60003 HCOOCH3 (183,15-173,14 E) 229405.02 110.74 1.75E-04 1.96 0.22 3.11 0.47 0.083 0.011 0.47 0.09
60003 HCOOCH3 (197,13-187,12 A) 235844.54 145.04 1.71E-04 2.25 0.11 2.28 0.28 0.076 0.008 0.32 0.06
60003 HCOOCH3 (197,13-187,12 E) 235865.97 145.04 1.67E-04 2.24 0.42 3.00 1.17 0.049 0.012 0.27 0.06
60003 HCOOCH3 (211,20-201,19 E) 237344.87 131.61 1.98E-04 2.25 0.19 4.44 0.53 0.093 0.007 0.77 0.14
60003 HCOOCH3 (211,20-201,19 A) 237350.39 131.60 1.98E-04 2.23 0.60 3.89 1.33 0.085 0.010 0.62 0.11
60003 HCOOCH3 (212,20-201,19 E) 237393.21 131.61 2.69E-05 2.53 0.27 3.81 0.69 0.052 0.008 0.37 0.08
60003 HCOOCH3 (193,16-183,15 A) 240034.67 122.25 2.01E-04 2.11 0.19 3.54 0.52 0.097 0.010 0.65 0.12
60003 HCOOCH3 (205,16-195,15 E) 249031.00 141.57 2.18E-04 1.86 0.15 3.83 0.40 0.051 0.004 0.38 0.07
60003 HCOOCH3 (203,17-193,16 A) 250258.38 134.26 2.28E-04 1.97 0.57 4.00 1.58 0.060 0.016 0.47 0.09
60003 HCOOCH3 (205,15-195,14 E) 257226.61 142.79 2.42E-04 2.67 0.34 3.50 0.92 0.055 0.011 0.39 0.08
60003 HCOOCH3 (204,16-194,15 E) 259499.90 138.67 2.54E-04 2.30 0.14 4.68 0.37 0.105 0.004 1.00 0.18
60003 HCOOCH3 (204,16-194,15 A) 259521.81 138.67 2.54E-04 2.07 0.14 3.56 0.38 0.084 0.006 0.61 0.12
60003 HCOOCH3 (87,1-76,1 E) 278094.52 53.78 4.39E-05 2.21 0.17 3.28 0.45 0.048 0.005 0.35 0.09
60003 HCOOCH3 (137,6-126,6 E) 339152.69 86.26 5.21E-05 2.66 0.13 1.37 0.30 0.052 0.010 0.14 0.03
60003 HCOOCH3 (137,7-126,6 A) 339185.91 86.24 5.22E-05 2.64 0.31 1.81 0.80 0.030 0.010 0.10 0.02
44505 SiO (2-1) 86846.96 6.25 2.93E-05 4.87 0.14 4.57 0.32 0.358 0.021 2.07 0.23 small wings
44505 SiO (3-2) 130268.61 12.50 1.06E-04 4.34 0.08 4.62 0.19 0.224 0.009 5.38 0.86
44505 SiO (4-3) 173688.31 20.84 2.60E-04 4.97 0.13 6.05 0.32 0.623 0.035 5.98 1.02 wings
44505 SiO (5-4) 217104.98 31.26 5.20E-04 4.39 0.11 5.99 0.27 0.810 0.030 8.49 1.44 small wings
44505 SiO (6-5) 260518.02 43.76 9.12E-04 4.06 0.10 6.38 0.23 0.813 0.017 18.60 3.16 wings
44505 SiO (8-7) 347330.58 75.02 2.20E-03 3.79 0.10 5.79 0.23 0.825 0.025 9.23 1.66
27002 HNC (1-0) 90663.59 4.35 2.69E-05 4.30 0.30 3.54 0.74 1.624 0.277 7.47 0.82
27002 HNC (3-2) 271981.14 26.11 9.34E-04 3.90 0.07 3.31 0.17 2.262 0.099 16.19 2.75
27002 HNC (4-3) 362630.30 43.51 2.30E-03 3.20 0.12 1.57 0.27 2.741 0.413 8.48 1.53 self abs
28508 DNC (2-1) 152609.77 10.99 1.54E-04 4.30 0.03 1.63 0.09 1.233 0.050 2.94 0.50
28508 DNC (3-2) 228910.49 21.97 5.57E-04 4.32 0.04 3.31 0.10 0.333 0.006 2.00 0.34
28005 HN13C (1-0) 87090.85 4.18 1.87E-05 4.41 0.09 1.83 0.22 0.443 0.045 1.05 0.12
28005 HN13C (2-1) 174179.41 12.54 1.79E-04 4.10 0.18 2.26 0.50 0.339 0.053 1.18 0.20
28005 HN13C (3-2) 261263.31 25.08 6.48E-04 3.27 0.40 5.69 1.39 0.158 0.017 1.85 0.32 Blend?
28005 HN13C (4-3) 348340.27 41.80 1.59E-03 3.19 0.45 3.96 1.50 0.099 0.019 0.76 0.14
51501 HC3N (9-8) 81881.47 19.65 4.21E-05 3.94 0.02 2.16 0.04 0.889 0.015 2.46 0.27
51501 HC3N (10-9) 90979.02 24.02 5.81E-05 3.95 0.02 2.11 0.04 0.845 0.015 2.31 0.25
51501 HC3N (11-10) 100076.39 28.82 7.77E-05 3.95 0.02 2.21 0.06 0.751 0.017 2.19 0.24
51501 HC3N (12-11) 109173.63 34.06 1.01E-04 3.87 0.03 2.35 0.06 0.296 0.006 0.93 0.11
51501 HC3N (15-14) 136464.41 52.40 1.99E-04 3.94 0.07 3.01 0.17 0.464 0.022 1.97 0.34
51501 HC3N (16-15) 145560.96 59.38 2.42E-04 3.62 0.06 2.87 0.13 0.415 0.017 1.72 0.29
51501 HC3N (17-16) 154657.28 66.80 2.91E-04 3.88 0.10 3.43 0.24 0.329 0.020 1.66 0.28
51501 HC3N (18-17) 163753.39 74.66 3.46E-04 3.86 0.11 3.80 0.25 0.377 0.022 2.15 0.37
51501 HC3N (19-18) 172849.30 82.96 4.08E-04 3.59 0.20 5.41 0.47 0.284 0.021 2.36 0.40
51501 HC3N (22-21) 200135.39 110.46 6.35E-04 3.21 0.14 6.15 0.34 0.161 0.008 1.64 0.28
51501 HC3N (23-22) 209230.23 120.51 7.26E-04 3.43 0.18 6.84 0.42 0.186 0.010 2.16 0.37
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

51501 HC3N (24-23) 218324.72 130.98 8.26E-04 3.30 0.20 6.29 0.48 0.207 0.014 2.28 0.39
51501 HC3N (25-24) 227418.90 141.90 9.35E-04 3.36 0.07 6.20 0.17 0.206 0.005 2.30 0.39
51501 HC3N (26-25) 236512.79 153.25 1.05E-03 3.42 0.10 6.18 0.23 0.198 0.006 2.29 0.39
51501 HC3N (27-26) 245606.32 165.04 1.18E-03 2.64 0.27 6.27 0.63 0.068 0.006 0.82 0.14
51501 HC3N (29-28) 263792.31 189.92 1.46E-03 2.51 0.14 7.57 0.33 0.297 0.011 4.69 0.80
51501 HC3N (30-29) 272884.75 203.02 1.62E-03 3.54 0.42 6.58 1.00 0.100 0.013 1.43 0.26
52005 DC3N (1011-910) 84429.83 22.29 4.63E-05 4.08 0.27 2.68 0.73 0.052 0.009 0.18 0.03
52005 DC3N (1112-1011) 92872.39 26.74 6.19E-05 4.55 0.15 2.04 0.37 0.053 0.008 0.14 0.02
52005 DC3N (1213-1112) 101314.83 31.61 8.06E-05 4.27 0.14 2.43 0.39 0.041 0.005 0.13 0.02
52005 DC3N (1314-1213) 109757.14 36.87 1.03E-04 4.02 0.43 2.60 1.16 0.071 0.022 0.25 0.04
52005 DC3N (1718-1617) 143524.87 62.00 2.32E-04 4.24 0.28 2.60 0.66 0.061 0.013 0.23 0.04
52005 DC3N (1920-1819) 160407.68 76.99 3.25E-04 4.57 0.27 3.29 0.76 0.024 0.004 0.12 0.03
34502 H2S (11,0-10,1) 168762.76 27.88 2.68E-05 3.92 0.19 4.84 0.45 2.420 0.194 17.80 3.03
34502 H2S (22,0-21,1) 216710.44 83.98 4.87E-05 3.18 0.06 4.95 0.15 0.862 0.023 7.41 1.26
35001 HDS(10,1-00,0) 244555.58 11.74 1.25E-05 3.44 0.44 3.89 1.19 0.058 0.013 0.44 0.08
35001 HDS(20,2-11,1) 333278.71 34.67 6.00E-05 2.66 0.13 0.93 0.36 0.146 0.045 0.26 0.05
38082 o-c-C3H2 (31,2-30,3) 82966.20 13.70 1.09E-05 4.16 0.06 2.01 0.13 0.184 0.011 0.47 0.05
38082 o-c-C3H2 (21,2-10,1) 85338.89 4.10 2.55E-05 4.21 0.02 1.98 0.04 0.625 0.012 1.59 0.18
38082 o-c-C3H2 (43,2-42,3) 85656.43 26.72 1.67E-05 4.28 0.10 2.21 0.23 0.079 0.007 0.22 0.03
38082 o-c-C3H2 (31,2-22,1) 145089.60 13.70 7.43E-05 4.10 0.04 1.66 0.10 0.566 0.030 1.35 0.23
38082 o-c-C3H2 (41,4-30,3) 150851.91 16.96 1.80E-04 4.38 0.04 1.92 0.09 0.956 0.040 2.67 0.45
38082 o-c-C3H2 (33,0-22,1) 216278.76 17.12 2.81E-04 4.36 0.11 2.86 0.41 0.183 0.019 0.91 0.16
38082 o-c-C3H2 (51,4-42,3) 217940.05 33.07 4.42E-04 4.12 0.08 2.47 0.21 0.223 0.016 0.96 0.16
38082 o-c-C3H2 (43,2-32,1) 227169.13 26.72 3.42E-04 4.24 0.19 3.33 0.46 0.180 0.020 1.08 0.18
38082 o-c-C3H2 (32,1-21,2) 244222.13 15.82 6.48E-05 4.49 0.12 3.25 0.30 0.088 0.007 0.55 0.10
38082 o-c-C3H2 (52,3-43,2) 249054.37 38.67 4.57E-04 3.49 0.35 4.10 0.86 0.052 0.009 0.42 0.08
38082 o-c-C3H2 (70,7-61,6) 251314.34 48.32 9.34E-04 3.92 0.09 3.24 0.21 0.289 0.016 1.85 0.32
38082 o-c-C3H2 (62,5-51,4) 251527.30 45.14 7.41E-04 3.95 0.18 2.99 0.45 0.154 0.019 0.91 0.16
38082 o-c-C3H2 (44,1-33,0) 265759.44 29.87 7.98E-04 3.90 0.17 3.02 0.43 0.126 0.015 0.80 0.15
38082 o-c-C3H2 (55,0-44,1) 349263.98 46.63 1.81E-03 3.75 0.27 3.15 0.68 0.113 0.019 0.69 0.13
38092 p-c-C3H2 (42,2-41,3) 80723.17 28.82 1.46E-05 4.01 0.27 3.98 0.67 0.032 0.004 0.16 0.04
38092 p-c-C3H2 (20,2-11,1) 82093.56 6.43 2.07E-05 4.30 0.02 1.82 0.08 0.287 0.009 0.67 0.07
38092 p-c-C3H2 (32,2-31,3) 84727.70 16.14 1.14E-05 4.31 0.06 1.93 0.15 0.074 0.005 0.18 0.02
38092 p-c-C3H2 (22,0-11,1) 150436.55 9.71 5.88E-05 4.23 0.05 1.37 0.12 0.193 0.015 0.39 0.07
38092 p-c-C3H2 (40,4-31,3) 150820.67 19.31 1.80E-04 4.38 0.03 1.64 0.08 0.407 0.017 0.97 0.17
38092 p-c-C3H2 (32,2-21,1) 155518.30 16.14 1.22E-04 4.28 0.06 1.63 0.14 0.282 0.020 0.68 0.12
38092 p-c-C3H2 (42,2-33,1) 204788.93 28.82 1.36E-04 4.84 0.10 2.06 0.18 0.077 0.006 0.26 0.05
38092 p-c-C3H2 (52,4-41,3) 218160.44 35.42 4.44E-04 4.13 0.30 4.96 0.87 0.094 0.011 0.81 0.14
38092 p-c-C3H2 (61,5-52,4) 251508.69 47.49 7.41E-04 3.91 0.16 3.70 0.40 0.055 0.005 0.40 0.08
39003 c-C3HD (404-313) 135640.90 17.39 1.09E-04 4.26 0.09 1.48 0.21 0.144 0.018 0.30 0.05
39003 c-C3HD (414-303) 136370.91 17.39 1.11E-04 4.39 0.06 1.18 0.16 0.172 0.019 0.29 0.05
39003 c-C3HD (505-414) 166112.36 25.37 2.13E-04 4.56 0.15 1.18 0.34 0.088 0.022 0.16 0.03
39003 c-C3HD (515-404) 166250.12 25.37 2.13E-04 4.10 0.08 2.66 0.19 0.084 0.005 0.34 0.06
39003 c-C3HD (423-312) 173911.59 22.49 1.52E-04 4.90 0.18 3.03 0.44 0.087 0.010 0.40 0.08
46008 CH3OCH3 (111,10-110,11 AA) 82460.38 62.92 2.16E-06 1.76 0.29 3.55 0.77 0.022 0.004 0.10 0.02
46008 CH3OCH3 (42,2-41,3 EE) 82688.77 14.74 2.31E-06 2.92 0.25 2.10 0.59 0.021 0.005 0.06 0.02
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

46008 CH3OCH3 (142,12-141,13 EE) 83098.92 102.85 3.50E-06 2.18 0.21 3.66 0.58 0.039 0.005 0.19 0.03
46008 CH3OCH3 (32,1-31,2 EE) 84634.40 11.09 2.18E-06 2.58 0.12 2.75 0.32 0.032 0.002 0.11 0.02
46008 CH3OCH3 (152,13-151,14 AA) 88709.07 116.86 4.09E-06 2.02 0.26 2.99 0.75 0.024 0.004 0.09 0.02
46008 CH3OCH3 (32,2-31,3 EE) 91476.53 11.08 2.45E-06 1.86 0.28 1.97 0.64 0.020 0.007 0.06 0.01
46008 CH3OCH3 (121,11-120,12 EE) 93666.43 74.02 2.84E-06 2.50 0.39 2.23 0.95 0.046 0.016 0.13 0.02
46008 CH3OCH3 (121,11-120,12 AA) 93668.35 74.02 2.84E-06 2.16 0.21 2.36 0.57 0.025 0.004 0.08 0.02
46008 CH3OCH3 (162,14-161,15 EE) 95731.26 131.80 4.88E-06 2.32 0.42 2.39 1.12 0.052 0.018 0.16 0.02
46008 CH3OCH3 (52,4-51,5 EE) 96849.85 19.26 3.12E-06 2.13 0.17 4.12 0.48 0.039 0.003 0.21 0.03
46008 CH3OCH3 (52,4-51,5 AA) 96852.46 19.26 3.12E-06 3.04 0.20 1.72 0.41 0.021 0.005 0.05 0.01
46008 CH3OCH3 (62,5-61,6 EE) 100463.04 24.71 3.46E-06 2.50 0.22 3.13 0.54 0.040 0.006 0.16 0.02
46008 CH3OCH3 (62,5-61,6 AA) 100465.70 24.71 3.46E-06 3.06 0.23 2.22 0.57 0.035 0.007 0.10 0.02
46008 CH3OCH3 (82,7-81,8 AA) 109576.78 38.31 4.27E-06 2.39 0.31 2.35 0.75 0.045 0.012 0.14 0.03
46008 CH3OCH3 (183,15-182,16 EE) 111813.67 169.80 8.41E-06 2.13 0.39 2.47 1.05 0.037 0.011 0.12 0.03
46008 CH3OCH3 (92,8-91,9 EE) 115074.91 46.46 4.78E-06 2.14 0.30 3.46 0.86 0.049 0.006 0.23 0.04
46008 CH3OCH3 (163,13-162,14 EE) 115293.58 137.33 8.58E-06 2.53 0.07 2.77 0.20 0.059 0.003 0.22 0.04
46008 CH3OCH3 (163,13-162,14 AA) 115295.58 137.33 8.58E-06 2.31 0.14 2.45 0.42 0.027 0.003 0.09 0.03
46008 CH3OCH3 (123,9-122,10 EE) 129558.98 83.88 1.00E-05 2.53 0.24 2.85 0.63 0.062 0.011 0.25 0.05
46008 CH3OCH3 (123,9-122,10 AA) 129561.82 83.88 1.00E-05 2.76 0.28 2.54 0.67 0.038 0.009 0.13 0.03
46008 CH3OCH3 (151,14-150,15 AA) 131912.06 112.60 6.02E-06 1.84 0.13 3.01 0.38 0.039 0.004 0.18 0.03
46008 CH3OCH3 (113,8-112,9 EE) 133268.32 72.88 1.04E-05 2.74 0.20 3.08 0.68 0.051 0.006 0.22 0.04
46008 CH3OCH3 (113,8-112,9 AA) 133271.31 72.88 1.04E-05 2.29 0.34 2.07 0.95 0.054 0.015 0.16 0.03
46008 CH3OCH3 (93,6-92,7 EE) 139503.68 53.67 1.10E-05 2.34 0.12 3.05 0.31 0.090 0.007 0.39 0.07
46008 CH3OCH3 (83,5-82,6 EE) 141832.26 45.45 1.11E-05 2.34 0.14 2.94 0.42 0.076 0.007 0.32 0.06
46008 CH3OCH3 (132,12-131,13 EE) 143162.99 88.00 7.75E-06 2.55 0.39 3.13 1.10 0.095 0.014 0.42 0.08
46008 CH3OCH3 (132,12-131,13 AA) 143166.02 88.00 7.74E-06 2.65 0.14 2.10 0.45 0.072 0.010 0.22 0.04
46008 CH3OCH3 (73,4-72,5 EE) 143602.99 38.15 1.10E-05 2.50 0.15 2.39 0.40 0.093 0.012 0.32 0.06
46008 CH3OCH3 (63,3-62,4 EE) 144858.98 31.77 1.06E-05 2.51 0.28 3.09 0.90 0.071 0.009 0.32 0.06
46008 CH3OCH3 (63,3-62,4 AA) 144862.02 31.77 1.07E-05 2.60 0.06 2.24 0.16 0.063 0.004 0.20 0.04
46008 CH3OCH3 (53,2-52,3 AA) 145682.64 26.31 1.01E-05 3.16 0.29 2.32 0.52 0.056 0.004 0.19 0.04
46008 CH3OCH3 (33,1-32,1 EE) 146405.19 18.12 2.79E-06 2.98 0.09 1.11 0.29 0.040 0.008 0.06 0.02
46008 CH3OCH3 (32,1-21,2 EE) 146704.72 11.09 1.10E-05 2.55 0.09 2.56 0.24 0.196 0.006 0.35 0.06
46008 CH3OCH3 (32,1-21,2 AA) 146707.17 11.09 1.10E-05 2.54 0.17 2.18 0.42 0.079 0.013 0.25 0.05
46008 CH3OCH3 (53,3-52,4 EA) 146865.98 26.31 8.65E-06 2.73 0.15 1.40 0.38 0.053 0.012 0.11 0.03
46008 CH3OCH3 (53,3-52,4 EE) 146872.55 26.31 9.66E-06 2.45 0.28 2.37 0.70 0.086 0.013 0.29 0.05
46008 CH3OCH3 (53,3-52,4 AA) 146877.31 26.31 1.03E-05 2.32 0.38 3.00 1.05 0.030 0.007 0.13 0.03
46008 CH3OCH3 (63,4-62,5 EA) 147202.09 31.77 1.08E-05 3.01 0.09 2.03 0.24 0.067 0.006 0.20 0.04
46008 CH3OCH3 (63,4-62,5 AE) 147203.76 31.77 1.11E-05 2.84 0.20 1.41 0.51 0.081 0.024 0.17 0.03
46008 CH3OCH3 (63,4-62,5 EE) 147206.81 31.77 1.11E-05 2.48 0.17 3.07 0.47 0.084 0.009 0.37 0.07
46008 CH3OCH3 (73,5-72,6 AA) 147734.95 38.15 1.18E-05 2.39 0.12 1.42 0.28 0.074 0.012 0.15 0.03
46008 CH3OCH3 (83,6-82,7 EE) 148500.39 45.44 1.23E-05 2.14 0.20 3.09 0.51 0.083 0.011 0.37 0.07
46008 CH3OCH3 (83,6-82,7 AA) 148503.83 45.44 1.24E-05 2.82 0.30 3.27 0.63 0.051 0.003 0.24 0.05
46008 CH3OCH3 (93,7-92,8 EE) 149569.78 53.64 1.29E-05 2.51 0.17 2.43 0.40 0.084 0.012 0.30 0.05
46008 CH3OCH3 (93,7-92,8 AA) 149573.12 53.64 1.29E-05 2.47 0.22 3.02 0.58 0.047 0.005 0.21 0.04
46008 CH3OCH3 (103,8-102,9 EE) 150995.39 62.75 1.35E-05 2.47 0.15 2.53 0.40 0.095 0.011 0.35 0.06
46008 CH3OCH3 (103,8-102,9 AA) 150998.65 62.75 1.35E-05 2.28 0.16 2.08 0.39 0.080 0.012 0.24 0.05
46008 CH3OCH3 (142,13-141,14 EE) 151593.92 100.61 8.77E-06 2.35 0.11 1.36 0.25 0.051 0.008 0.10 0.02
46008 CH3OCH3 (113,9-112,10 EE) 152831.37 72.78 1.41E-05 2.78 0.19 2.84 0.66 0.049 0.006 0.20 0.04
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

46008 CH3OCH3 (113,9-112,10 AA) 152834.55 72.78 1.41E-05 2.80 0.34 2.60 0.90 0.039 0.009 0.15 0.03
46008 CH3OCH3 (111,10-102,9 AA) 154453.66 62.92 8.02E-06 2.37 0.12 1.32 0.30 0.057 0.011 0.11 0.02
46008 CH3OCH3 (111,10-102,9 EE) 154455.08 62.92 8.02E-06 2.53 0.17 2.34 0.54 0.078 0.008 0.27 0.05
46008 CH3OCH3 (123,10-122,11 EE) 155128.43 83.73 1.48E-05 2.40 0.07 2.84 0.19 0.097 0.005 0.41 0.07
46008 CH3OCH3 (123,10-122,11 AA) 155131.54 83.73 1.48E-05 2.49 0.20 2.39 0.55 0.080 0.014 0.28 0.05
46008 CH3OCH3 (133,11-132,12 EE) 157932.36 95.58 1.56E-05 2.42 0.24 2.38 0.60 0.108 0.022 0.38 0.07
46008 CH3OCH3 (171,16-170,17 EE) 159320.27 142.66 9.18E-06 2.49 0.08 1.30 0.20 0.089 0.012 0.17 0.03
46008 CH3OCH3 (171,16-170,17 AA) 159323.26 142.66 9.18E-06 2.62 0.05 1.17 0.10 0.040 0.003 0.07 0.02
46008 CH3OCH3 (42,3-31,2 EE) 160204.08 14.72 1.34E-05 2.60 0.17 2.05 0.42 0.089 0.015 0.27 0.05
46008 CH3OCH3 (42,3-31,2 AA) 160206.57 14.72 1.35E-05 2.57 0.12 1.18 0.31 0.076 0.015 0.13 0.03
46008 CH3OCH3 (152,14-151,15 EE) 160521.55 114.10 9.92E-06 2.19 0.30 2.42 0.77 0.053 0.013 0.19 0.04
46008 CH3OCH3 (143,12-142,13 EE) 161282.72 108.35 1.65E-05 2.86 0.21 2.55 0.73 0.086 0.014 0.33 0.06
46008 CH3OCH3 (143,12-142,13 AA) 161285.67 108.35 1.65E-05 2.68 0.14 2.14 0.34 0.070 0.009 0.23 0.04
46008 CH3OCH3 (183,15-174,14 AA) 162277.21 169.80 5.05E-06 2.40 0.17 1.81 0.44 0.035 0.007 0.09 0.03
46008 CH3OCH3 (183,15-174,14 EE) 162279.58 169.80 5.05E-06 2.38 0.19 1.28 0.44 0.057 0.017 0.11 0.03
46008 CH3OCH3 (42,2-31,3 EE) 167743.99 14.74 1.36E-05 2.86 0.25 2.12 0.91 0.078 0.016 0.25 0.05
46008 CH3OCH3 (42,2-31,3 AA) 167746.53 14.74 1.36E-05 2.55 0.07 1.16 0.16 0.083 0.010 0.15 0.03
46008 CH3OCH3 (163,14-162,15 EE) 169743.49 136.61 1.88E-05 2.37 0.17 2.33 0.52 0.087 0.011 0.31 0.06
46008 CH3OCH3 (162,15-161,16 AA) 169907.05 128.46 1.12E-05 2.94 0.16 1.77 0.40 0.061 0.011 0.16 0.04
46008 CH3OCH3 (181,17-180,18 EE) 173084.04 158.96 1.11E-05 3.27 0.20 2.37 0.55 0.070 0.010 0.26 0.05
46008 CH3OCH3 (173,15-172,16 AA) 174896.05 152.09 2.02E-05 3.05 0.21 1.71 0.56 0.064 0.015 0.17 0.04
46008 CH3OCH3 (52,4-41,3 EE) 176801.27 19.26 1.67E-05 2.61 0.08 1.96 0.25 0.092 0.008 0.28 0.06
46008 CH3OCH3 (94,6-93,7 EE) 204736.58 63.46 2.78E-05 2.33 0.12 2.96 0.30 0.086 0.007 0.43 0.08
46008 CH3OCH3 (84,5-83,6 EA) 204832.63 55.27 1.92E-05 2.48 0.17 2.58 0.36 0.037 0.005 0.16 0.04
46008 CH3OCH3 (103,8- 92,7 EE) 328856.65 62.75 9.35E-05 2.43 0.25 2.08 0.69 0.155 0.031 0.61 0.11
46008 CH3OCH3 (103,8- 92,7 AA) 328859.97 62.75 9.35E-05 2.69 0.06 1.35 0.16 0.151 0.014 0.39 0.07
46008 CH3OCH3 (103,7- 92,8 EE) 340612.58 62.81 9.76E-05 2.58 0.03 1.87 0.08 0.159 0.004 0.57 0.10
46008 CH3OCH3 (103,7- 92,8 AA) 340615.91 62.81 9.76E-05 2.72 0.14 1.18 0.35 0.136 0.034 0.31 0.06
46008 CH3OCH3 (112,9-101,10 EE) 349806.09 66.48 3.30E-05 2.49 0.05 1.14 0.11 0.093 0.008 0.20 0.04
46008 CH3OCH3 (112,9-101,10 AA) 349809.18 66.48 3.30E-05 2.42 0.05 1.32 0.13 0.077 0.006 0.20 0.04
46008 CH3OCH3 (123,10-112,9 EE) 359384.62 83.73 1.13E-04 2.57 0.05 1.26 0.12 0.225 0.017 0.55 0.10
46008 CH3OCH3 (123,10-112,9 AA) 359387.66 83.73 1.13E-04 2.79 0.17 1.46 0.42 0.145 0.034 0.41 0.08
46008 CH3OCH3 (113,8-102,9 EE) 361874.42 72.88 1.08E-04 2.68 0.18 1.28 0.49 0.196 0.056 0.49 0.09
40502 CH3CCH (52-42) 85450.77 41.21 1.70E-06 3.63 0.10 2.90 0.23 0.049 0.003 0.18 0.03
40502 CH3CCH (51-41) 85455.67 19.53 1.95E-06 3.67 0.04 2.29 0.10 0.140 0.005 0.41 0.05
40502 CH3CCH (50-40) 85457.30 12.30 2.03E-06 3.73 0.04 2.20 0.09 0.181 0.006 0.51 0.06
40502 CH3CCH (62-52) 102540.15 46.13 3.16E-06 3.96 0.05 2.62 0.11 0.087 0.003 0.30 0.04
40502 CH3CCH (61-51) 102546.02 24.45 3.46E-06 3.84 0.02 2.46 0.04 0.198 0.003 0.64 0.07
40502 CH3CCH (60-50) 102547.98 17.23 3.56E-06 3.93 0.04 2.41 0.08 0.235 0.007 0.75 0.08
40502 CH3CCH (83-73) 136704.50 94.56 7.39E-06 3.77 0.12 3.66 0.31 0.085 0.006 0.44 0.08
40502 CH3CCH (82-72) 136717.56 58.43 8.06E-06 3.93 0.16 3.70 0.45 0.100 0.009 0.52 0.09
40502 CH3CCH (81-71) 136725.40 36.76 8.47E-06 3.78 0.04 2.77 0.09 0.226 0.006 0.89 0.15
40502 CH3CCH (80-70) 136728.01 29.53 8.60E-06 3.78 0.15 2.46 0.36 0.287 0.037 1.00 0.17
40502 CH3CCH (93-83) 153790.77 101.94 1.10E-05 3.80 0.08 2.53 0.21 0.081 0.005 0.30 0.06
40502 CH3CCH (92-82) 153805.46 65.82 1.17E-05 3.53 0.10 2.27 0.25 0.110 0.010 0.37 0.07
40502 CH3CCH (91-81) 153814.28 44.14 1.22E-05 3.71 0.03 2.77 0.09 0.209 0.005 0.85 0.15
40502 CH3CCH (90-80) 153817.21 36.91 1.23E-05 3.67 0.10 2.51 0.24 0.276 0.022 1.02 0.17
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

40502 CH3CCH (102-92) 170892.73 74.02 1.63E-05 3.96 0.22 3.50 0.57 0.123 0.015 0.66 0.12
40502 CH3CCH (101-91) 170902.52 52.34 1.68E-05 3.73 0.10 3.01 0.26 0.247 0.017 1.13 0.20
40502 CH3CCH (100-90) 170905.78 45.11 1.70E-05 3.94 0.05 3.23 0.12 0.301 0.009 1.48 0.25
40502 CH3CCH (121-111) 205076.82 71.20 2.94E-05 3.59 0.29 3.94 0.71 0.149 0.022 0.98 0.17
40502 CH3CCH (133-123) 222128.82 139.66 3.57E-05 3.37 0.24 4.06 0.61 0.085 0.010 0.61 0.11
40502 CH3CCH (132-122) 222150.01 103.54 3.69E-05 3.49 0.19 3.46 0.45 0.096 0.011 0.59 0.11
40502 CH3CCH (131-121) 222162.73 81.87 3.75E-05 3.20 0.23 3.31 0.59 0.121 0.018 0.71 0.12
40502 CH3CCH (130-120) 222166.97 74.64 3.78E-05 3.25 0.13 3.22 0.33 0.145 0.012 0.83 0.14
40502 CH3CCH (141-131) 239247.73 93.35 4.71E-05 3.18 0.15 3.69 0.38 0.088 0.007 0.61 0.11
40502 CH3CCH (140-130) 239252.29 86.12 4.73E-05 2.84 0.21 2.64 0.79 0.100 0.015 0.50 0.09
40502 CH3CCH (163-153) 273372.99 176.56 6.84E-05 3.97 0.28 3.87 0.72 0.081 0.012 0.69 0.13
40502 CH3CCH (162-152) 273399.05 140.45 6.98E-05 2.90 0.09 3.36 0.24 0.059 0.003 0.43 0.09
41502 CH2DCCH (61,6-51,5) 96691.59 21.70 2.90E-06 4.32 0.19 1.49 0.33 0.023 0.005 0.04 0.01
41502 CH2DCCH (62,5-52,4) 97077.80 38.14 2.69E-06 4.68 0.26 2.38 0.68 0.023 0.005 0.07 0.02
41502 CH2DCCH (60,6-50,5) 97080.73 16.31 3.02E-06 4.41 0.24 2.14 0.57 0.023 0.005 0.06 0.02
41502 CH2DCCH (61,5-51,4) 97472.74 21.83 2.97E-06 3.93 0.14 1.72 0.29 0.025 0.004 0.06 0.02
25501 CCH (1 3/2 1 - 0 1/2 1) 87284.16 4.19 2.59E-07 4.00 0.04 1.83 0.11 0.168 0.008 0.40 0.05
25501 CCH (1 3/2 2 - 0 1/2 1) 87316.93 4.19 1.53E-06 3.82 0.03 2.16 0.07 0.598 0.016 1.67 0.18
25501 CCH (1 3/2 1 - 0 1/2 0) 87328.62 4.19 1.27E-06 3.88 0.04 1.99 0.09 0.438 0.017 1.13 0.12
25501 CCH (1 1/2 1 - 0 1/2 1) 87402.00 4.20 1.27E-06 3.83 0.03 2.06 0.07 0.464 0.015 1.24 0.14
25501 CCH (1 1/2 0 - 0 1/2 1) 87407.17 4.20 1.53E-06 3.80 0.01 1.82 0.04 0.287 0.005 0.68 0.08
25501 CCH (1 1/2 1 - 0 1/2 0) 87446.51 4.20 2.61E-07 3.90 0.06 1.79 0.17 0.160 0.012 0.37 0.04
25501 CCH (2 5/2 2 - 1 3/2 2) 174634.91 12.57 1.00E-06 3.95 0.08 2.08 0.19 0.125 0.010 0.40 0.07
25501 CCH (2 5/2 3 - 1 3/2 2) 174663.22 12.58 1.47E-05 3.83 0.15 2.45 0.35 0.823 0.102 3.10 0.53
25501 CCH (2 5/2 2 - 1 3/2 1) 174667.68 12.57 1.36E-05 3.82 0.11 2.20 0.25 0.620 0.062 2.11 0.36
25501 CCH (2 3/2 2 - 1 1/2 1) 174721.78 12.58 1.16E-05 3.79 0.11 2.24 0.25 0.523 0.051 1.81 0.31
25501 CCH (2 3/2 1 - 1 1/2 0) 174728.07 12.58 8.16E-06 3.73 0.11 2.30 0.25 0.252 0.024 0.89 0.15
25501 CCH (2 3/2 2 - 1 3/2 2) 174806.88 12.58 2.67E-06 3.67 0.05 1.94 0.13 0.232 0.013 0.69 0.12
25501 CCH (3 5/2 2 - 2 3/2 2) 262078.93 25.16 6.00E-06 3.73 0.11 2.12 0.19 0.520 0.040 2.30 0.60
26501 CCD (2 5/2 3/2 - 1 3/2 3/2) 144239.71 10.38 1.91E-06 4.98 0.29 3.18 0.77 0.027 0.004 0.12 0.03
26501 CCD (2 3/2 5/2 - 1 1/2 3/2) 144296.72 10.39 6.73E-06 3.87 0.15 2.95 0.38 0.097 0.010 0.41 0.07
26501 CCD (2 3/2 5/2 - 1 3/2 5/2) 144376.68 10.39 1.26E-06 4.48 0.27 2.76 0.89 0.038 0.007 0.15 0.03
26501 CCD (2 3/2 3/2 - 1 3/2 3/2) 144385.44 10.39 6.21E-07 3.93 0.17 1.28 0.44 0.042 0.011 0.08 0.02
26504 CN (1 1/2 3/2 - 0 1/2 1/2) 113170.49 5.43 5.14E-06 4.44 0.14 1.88 0.36 0.473 0.072 1.20 0.13
26504 CN (1 1/2 3/2 - 0 1/2 3/2) 113191.28 5.43 6.68E-06 4.52 0.11 1.76 0.27 0.515 0.066 1.23 0.14
26504 CN (1 3/2 3/2 - 0 1/2 1/2) 113488.12 5.45 6.74E-06 4.43 0.13 1.84 0.32 0.506 0.073 1.26 0.14
26504 CN (1 3/2 5/2 - 0 1/2 3/2) 113490.97 5.45 1.19E-05 4.59 0.16 1.87 0.41 0.880 0.157 2.22 0.24
26504 CN (1 3/2 1/2 - 0 1/2 1/2) 113499.64 5.45 1.06E-05 4.46 0.16 1.97 0.40 0.405 0.066 1.08 0.12
26504 CN (1 3/2 3/2 - 0 1/2 3/2) 113508.91 5.45 5.19E-06 4.48 0.12 1.92 0.27 0.427 0.052 1.11 0.12
26504 CN (1 3/2 1/2 - 0 1/2 3/2) 113520.43 5.45 1.30E-06 4.25 0.01 1.50 0.03 0.191 0.003 0.39 0.04
45506 HCS+ (2-1) 85347.89 6.14 1.11E-05 4.02 0.06 2.49 0.13 0.059 0.003 0.19 0.03
45506 HCS+ (4-3) 170691.60 20.48 9.86E-05 3.60 0.10 2.79 0.23 0.170 0.012 0.72 0.13
45506 HCS+ (5-4) 213360.65 30.72 1.97E-04 3.52 0.09 4.20 0.22 0.177 0.008 1.28 0.22
45506 HCS+ (6-5) 256027.10 43.01 3.46E-04 3.84 0.04 3.81 0.09 0.188 0.004 1.44 0.25
45506 HCS+ (8-7) 341350.23 73.73 8.35E-04 3.63 0.12 3.32 0.29 0.233 0.017 1.48 0.27
42501 H2CCO (41,4-31,3) 80076.65 22.66 5.04E-06 3.25 0.23 2.34 0.53 0.045 0.009 0.14 0.03
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Table 4. continued.

TAG Species & Transition Frequency Eup Ai j Vo δVo FWHM δFWHM Int δInt Flux δFlux Comments
(MHz) (K) s−1 (km s−1) (km s−1) (K) (K km s−1)

42501 H2CCO (40,4-30,3) 80832.12 9.70 5.52E-06 2.84 0.16 3.04 0.43 0.037 0.004 0.14 0.03
42501 H2CCO (41,3-31,2) 81586.23 22.84 5.33E-06 3.56 0.22 2.78 0.54 0.057 0.009 0.20 0.03
42501 H2CCO (51,5-41,4) 100094.51 27.46 1.03E-05 3.29 0.05 3.09 0.13 0.076 0.003 0.31 0.04
42501 H2CCO (50,5-40,4) 101036.63 14.55 1.10E-05 2.92 0.08 2.11 0.19 0.050 0.004 0.14 0.02
42501 H2CCO (51,4-41,3) 101981.43 27.74 1.09E-05 2.96 0.20 2.99 0.50 0.076 0.010 0.30 0.04
42501 H2CCO (71,7-61,6) 140127.47 39.95 2.96E-05 3.13 0.16 3.08 0.38 0.128 0.014 0.56 0.10
42501 H2CCO (70,7-60,6) 141438.07 27.15 3.11E-05 2.63 0.11 2.07 0.32 0.120 0.012 0.36 0.06
42501 H2CCO (71,6-61,5) 142768.95 40.46 3.13E-05 3.15 0.16 2.95 0.40 0.143 0.016 0.61 0.11
42501 H2CCO (81,8-71,7) 160142.24 47.64 4.48E-05 2.81 0.19 2.19 0.44 0.159 0.028 0.52 0.09
42501 H2CCO (80,8-70,7) 161634.07 34.91 4.68E-05 2.83 0.18 2.04 0.42 0.133 0.024 0.41 0.07
42501 H2CCO (81,7-71,6) 163160.88 48.29 4.74E-05 2.90 0.13 2.06 0.31 0.167 0.022 0.51 0.09
42501 H2CCO (101,9-91,8) 203940.23 66.89 9.41E-05 2.76 0.31 2.78 0.83 0.137 0.034 0.63 0.11
30008 NO (2Π1/2 3/2e , 5/2 - 1/2e, 3/2) 150176.48 7.21 3.31E-07 4.09 0.13 1.97 0.32 0.153 0.021 0.44 0.08
30008 NO (2Π1/2 3/2e , 3/2 - 1/2e, 1/2) 150198.76 7.21 1.84E-07 3.95 0.10 1.41 0.23 0.092 0.013 0.19 0.04
30008 NO (2Π1/2 3/2e , 3/2 - 1/2e, 3/2) 150218.73 7.21 1.47E-07 3.99 0.06 1.09 0.14 0.072 0.008 0.11 0.02
30008 NO (2Π1/2 3/2e , 1/2 - 1/2e, 1/2) 150225.66 7.21 2.94E-07 3.91 0.08 1.83 0.21 0.073 0.006 0.19 0.04
30008 NO (2Π1/2 3/2 f , 1/2 - 1/2 f , 1/2) 150580.56 7.24 2.96E-07 4.26 0.04 1.10 0.11 0.065 0.005 0.10 0.02
30008 NO (2Π1/2 7/2 f , 9/2 - 5/2 f , 7/2) 351043.52 36.13 5.43E-06 3.95 0.37 4.90 1.35 0.152 0.018 1.44 0.26
30008 NO (2Π1/2 7/2 f , 7/2 - 5/2 f , 5/2) 351051.71 36.13 4.99E-06 3.97 0.21 3.45 0.66 0.190 0.022 1.27 0.23
19002 HDO (211-212) 241561.55 95.23 1.19E-05 2.87 0.21 6.13 0.58 0.182 0.010 2.11 0.36
56502 CCS(67-56) 81505.17 15.39 2.43E-05 3.86 0.06 1.79 0.10 0.170 0.010 0.44 0.05
56502 CCS(76-65) 86181.39 23.35 2.82E-05 4.31 0.22 2.59 0.57 0.055 0.005 0.18 0.03
56502 CCS(77-66) 90686.38 26.12 3.34E-05 4.13 0.08 1.71 0.27 0.078 0.007 0.16 0.02
56502 CCS(78-67) 93870.11 19.89 3.74E-05 4.08 0.03 1.63 0.10 0.184 0.008 0.39 0.04
56502 CCS(87-76) 99866.52 28.14 4.46E-05 4.08 0.05 1.93 0.11 0.059 0.005 0.16 0.02
56502 CCS(88-77) 103640.76 31.09 5.05E-05 4.02 0.07 1.88 0.18 0.075 0.004 0.18 0.02
56502 CCS(89-78) 106347.73 25.00 5.56E-05 4.32 0.12 2.14 0.34 0.036 0.009 0.10 0.02
56502 CCS(98-87) 113410.19 33.58 6.53E-05 4.24 0.21 3.46 0.49 0.062 0.008 0.29 0.04
56502 CCS(1010-99) 129548.45 42.90 9.90E-05 4.35 0.21 1.45 0.46 0.058 0.016 0.12 0.02
56502 CCS(1011-910) 131551.97 37.02 1.06E-04 4.50 0.18 2.58 0.47 0.073 0.007 0.25 0.04
56502 CCS(1111-1010) 142501.70 49.74 1.33E-04 3.86 0.21 2.60 0.49 0.058 0.010 0.22 0.04
56502 CCS(1211-1110) 153449.77 53.76 1.66E-04 4.00 0.44 3.10 1.04 0.050 0.015 0.23 0.04
37003 c-C3H (21,2 5/2 3 - 11,1 3/2 2) 91494.35 4.39 1.59E-05 4.16 0.07 1.81 0.14 0.038 0.003 0.09 0.01
37003 c-C3H (21,2 5/2 2 - 11,1 3/2 1) 91497.61 4.39 1.38E-05 4.54 0.32 1.88 0.66 0.025 0.008 0.06 0.01
37003 c-C3H (31,3 5/2 3 - 21,2 3/2 2) 133187.72 10.80 5.70E-05 4.55 0.18 1.69 0.46 0.044 0.010 0.11 0.03
49503 C4H (99-88) 85634.00 20.55 2.60E-06 3.94 0.16 1.75 0.39 0.062 0.012 0.14 0.02
49503 C4H (98-87) 85672.58 20.56 2.59E-06 3.95 0.06 1.98 0.14 0.056 0.003 0.14 0.02
49503 C4H (1010-99) 95150.39 25.11 3.60E-06 3.95 0.08 1.32 0.62 0.057 0.022 0.10 0.01
49503 C4H (109-98) 95188.95 25.13 3.58E-06 4.11 0.20 1.26 0.53 0.061 0.021 0.10 0.01
49503 C4H (1111-1010) 104666.57 30.14 4.81E-06 4.09 0.11 1.47 0.30 0.044 0.007 0.09 0.02
49503 C4H (1110-109) 104705.11 30.16 4.79E-06 3.96 0.06 1.70 0.13 0.041 0.003 0.09 0.02
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Notes. All lines have been identified with the line identification package CASSIS (http://cassis.cesr.fr), except the deuterated forms of methanol. For these latter species, not yet included in
the JCMT and CDMS databases, the molecular data come from Parise et al. (2002, 2004) and we derived the line parameters with the GILDAS-CLASS package (http://www.iram.fr/IRAMFR/
GILDAS). ∗ The deuterated forms of methanol, not being included in the CDMS or JPL spectroscopic databases, do not have TAG and Ai j. CASSIS is based on the CDMS and JPL spectroscopic
databases, and the TAGs are those given by these databases to identify the molecules. CASSIS is also based on the VASTEL spectroscopic database (http://www.astro.caltech.edu/~vastel/
CHIPPENDALES), in which the separation of the ortho and para forms has been performed for some molecules listed in CDMS and JPL. For this database, the TAG are adapted from those of the
molecules in the original database. The columns δInt and δFWHM only give respectively the statistical errors on the peak intensity and FWHM computed during the fit. The column δFlux gives the
quadratic error in the total flux in the line, taking into account the calibration error given in Sect. 3. It is computed as: δFlux =

√

(Cal × Flux)2 + (rms2 × 2 × FWHM × dv), where, respectively,
Cal is the calibration error, Flux is the line flux, rms is the observed rms, FWHM is the full width half maximum of the line, and dv the velocity resolution, at the given line frequency.
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