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LLAMA & ASTROCHEMISTRY

(single dish versus ALMA and versus spac
telescopes ISO, SWAS, Herschel, Spitzer, JW?

Molecular clouds
Evolved stars



LLAMA ASSUMED EQUIPMENT IN THIS PRESENTATION

B5, B6 and B9 with 4 GHz of bandwidth for first light

Later B1, B2+B3 & B7

All bandswith 32 GHz of bandwidth at somemoment

In the last 30 yearsseveraltelescopesave beenobservingin
the mm and submm domains: IRAM, NOBEYAMA,
CSO, JCMT, APEX

and interferometers : BIMA, OVRO, SMA, CARMA, NOEMA

What could be donewith atelescopesimilar to APEX ?

Perhapsnew instrumentation
Perhapsaddressingnew observationalchallenges



TRANSMISION ATMOSFERICA

0.8

0.6

0.4

0.2

ALTITUDE=5000 m :: ATACAMA :: ALMA (ATM Calculations)

w(H;0)=0.3 mm
w(H;0)=0.5 mm
w(H;0)=0.7 mm
w(H,0)=1.0 mm

w(H,0)=3.0 mm

175

180

—
!El%‘):“%%l

100

200
FRECUENCIA (GHz)

400



ATMOSPHERIC TRANSMISSION

J.R. Pardo & J. Cermcharo (ATM, 1999)
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WATER VAPOUR OBSERVATIONS
WITH LLAMA

A High mass star forming regions
A Low mass star forming regions
A Large scale mapping at 183 GHz

A Evolved stars (monitoring)



The problem of the observationof water vapor :
Our atmosphereis full of water vapor.

Water vapor was detectedin the ISM and CSM in 1969 from
observationsat a 22 GHz (Cheunget al.).

Our atmosphereis transparent at this frequency asthe transition
Involvestwo levelsat 700K with alow line strength.

Water detectedonly in small regionsof the ISM and CSM
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TRANSMISION ATMOSEFERICA
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TRANSMISION ATMOSFERICA
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THE FIRST OBSERVATIONS
OF EXTENDED WATER
EMISSION
FROM GROUND

24-25 December1 989

Excellentgoodweatherat 19h30 ofDecember24, 1989
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Detection of 183 GHz water vapor maser emission
from interstellar and circumstellar sources
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SUMMARY: We have observed, with the IRAM 30-m telescope, the
emission of the 183 GHz 343-220 rotational transition of water from a
selected sample of giant molecular clouds, low mass star forming regions
and evolved stars. The zenith atmospheric transmission was 25-30%
during our observations. The water emission shows strong and narrow
masing lines (flux = 1000-15000 Jy) toward the hot molecular clouds with
strong 22 GHz water masers. Broad line emission, perhaps of thermal
origin, is found in the sources associated with molecular outflows. Double
peaked profiles, corresponding to masing lines (flux = 100-600 Jy), are
observed toward the evolved stars. Finally, 183 GHz maser emission is
also observed in the more quiescent clouds, but at velocities different from
those of the associated 22 GHz masers.

Keywords: Intersteliar medium : molecules : clouds. Masers. Radio lines :

molecular. Earth : atmosphere. Stars : Circumstellar matter.

I) INTRODUCTION:

Chemical models predict water vapor to be one the most abundant
molecules in the interstellar medium (ISM) and in the molecular envelopes
of oxygen-rich stars. That HpO is present in the ISM is known since the
detection of maser emission from its 61s-523 22 GHz line (Cheung et al.,
1969). At this frequency the terrestrial atmosphere is fairly transparent and
the 22 GHz maser emission has been detected toward a large number of
star-forming regions, evolved stars, and extragalactic objects. In spite of
the large amount of observations of the masing 615-523 line, little is known
about the abundance of this molecule and its spatial distribution in
interstellar molecular clouds. The problems with observing other rotational
transitions of this molecule arise from the terrestrial atmosphere, which
absorbs the extraterrestrial radiation precluding any observation from low
altitude sites.

Two submillimeter HzO lines have been observed toward Ori-A (KL)
with the Kuiper Airborne Observatory (KAQ) : the 313-22¢ line at 183 GHz
(Waters et al. 1980, and Kuiper et al. 1984), and the 414-324 line at 380
GHz (Phillips et al. 1980). These observations indicate a high HxO

In this Letter we report the discovery of strong maser and thermal
emission from the 313-220 H20 line toward molecular clouds, and discuss
briefly its spatial distribution and origin. Further analysis of our data will be
presented elsewhere (Cernicharo et al., 1990).

TABLE 1

ZENITH ATMOSPHERIC TRANSMISSION AT PICO VELETA
FOR WATER LINES BELOW 500 GH=z

TRANSMISSION

T=-5°C T=-5°C ==15°C T=-20°C

LINE FREQUENCY RH=30% RH=10% RH=10% RH=5%
(GHz) W=2.6mm W=0.9mm W=0.4mm W=0.lmm

3;3 —220 183.31012 4% 31% 52% 73%
183.310.1 4% 34% 58% 80%

10,4 -93¢ 321.22564  50% 78% 88% 94%
5,5 -43; 325.15292 3% 27% 50% 72%
4,, =37 380.19737 5%
11,,,-1037 380.13674 29% 65% 78% 89%
753 —6go 437.34667 12% 47% 66% B0%
6,5 ~550 439.15081 1% 19% 43% 68%
72 61 443.01830 2% 25% 49% 73%
4,5 =330 448.00108 3%
6,, —55; 470.88895 8% 40% 61% 79%
5,5 =450 474.68913 11% 32% 59%
6,, —717 488.49113 3% 12% 15% 17%

In all calculations we have assumed a pressure of
704 mbar, and a water scale height of 2.5km. T is
ambient temperature and RH is relative humidity. W is
the amount of water vapor above the observatory site.
Frequencies are from De Lucia (1972).
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Figure 4: Observed 3,.-22¢ ling profiles. Vertical lines correspond to the
valocities of the 22 &G ﬁ.’z masears mporred in the Kerature. Abcissa is
velocily (in kms-1} and ordinate is main beam brighiness temperalure (K).
Insets are the obsarved specitra with the 1MHz flfters. a) CepA observed
with the 100KHz filters. b) W3IRSS, autocorrelaior specfmm cl
ANOT3{L1448) namrow fiters. d) HH7-11{A} TMHz filters. &) W3Hz0)
observed with the autocorrelator and smoothed fo a resolution of 0.24
kms-1. Note the extended plateau in Figures b and e (narrow and broad
filters). #§ AxBoo observed with the narow fiters and smoothed fo a
resolution of 0.5 kms-1 (histogram). The continuous line comasponds to the
Si0 J=2-1 v=1 sﬁecrrum observed with the 30-m lelescope (January 15,
1930). The dashed line coresponds fo the Si0 J=T1-0 v=1 ling (the
intengity scale has been multiplied by 5), observed in the same date with

the telescope of T4-m of diameter of the Ceniro Astrondmico de Yebes
{IGN, Spain).

TABLE 2

313-259 Hy0 LINE PARAMETERS TOWARD MOLECULAR CLOUDS

Souxrce Tyg (K) W Vi,gR (ks 1) 6v(kms“1)
Cepa 134.0+ 3.0 109.0+ 6.7 =7.97+0.02 0.77+0.03
131.0+ 3.0 273.0+ 7.4 -8.3710.02 1.95+0.05
303.4+ 3.0 358.0+13.0 -10.21+0.02 1.11+0.03
214.0+ 3.0 221.0+12.0 -10.77+0.02 0.97+0.02
16.4% 3.0 9.2+ 1.8 -11.82+0.06 0.53+0.09
72.9+ 3.0 92.2+ 2.2 -13.05%0.02 1.19+0.03
19.8+ 3.0 18.0+ 4.5 -24.151+0.07 0.85+0.22
9.5+ 3.0 48.4%f 8.1 -25.9610.47 4.82+0.65
13.8+ 1.0 189.0+13.0 -26.73+0.34 12.90+1.00
5.3 1.0 36.6+% 6.4 14.22+0.50 6.50+1.50
5158 6.5+ 1.2 51.8+ 5.2 -58.98t0.52 7.50+1.02
14.7+ 3.5 4.4+ 1.4 -59.30+0.04 0.28+0.06
NGC75388 5.2+ 1.0 35.4+ 7.5 -55,.83+0.59 7.24%1.80
RNO13 15.3+ 2.5 26.8% 2.1 2.48%0.06 1.64%+0.13
82522 9.1+ 1.2 37.2+ 4.6 9.64+0.23 3.88%0.56
HH7-11A 12.2+ 1.3 65.1+ 7.6 -43.70+0.21 5.02+0.49
2.8 1.3 52.9+11.6 -30.70+2.04 18.00+4.20
7.7+ 1.3 23.5+ 4.0 -15.40+0.24 2.87+0.42
W3IRSS 17.5+ 4.5 12.1+ 3.3 -13.56x0.09 0.65+0.18
18.7+ 4.5 12.9+ 3.0 ~33.9510.06 0.65+0.16
149.0+ 4.5 279.0+ 5.1 -37.4710.02 1.76+0.04
26.8+ 4.5 303.0+30.0 -38.42+0.22 10.60+1.22
60.6% 4.5 39.8+% 3.9 ~39.19+0.03 0.62+0.08
22.0+ 5.0 29.1+ 3.3 -40.44+0.07 1.24+0.16
22.3+ 4.5 22.6+ 4.9 -41.8410.07 0.95+0.19
W3 (Hp0) 159.0+ 4.0 622,0+27.5 -49.6110.12 3.66%0.13
B7.8+t 4.0 124.0+12.0 -48.70+0.03 1.33+0.12
26.4t 4.0 114.0+21.0 -45.551+0.42 4.06x0.70
13.8+ 4.0 17.0+ 4.0 -43.17+1.16 1.161+0.30
12.8+ 1.5 457.0+ 2.0 -44.77+0.07 33.42+2.00
13.5t 1.5 51.0f£ 5.9 -30.79+0.19 3.55+0.43
11.2+ 1.5 31.9+ 5.4 -59,.38+0.22 2.67+0.57
W4 9N 65.3+ 2.2 1107.0+19.7 8.50+0.10 14.50+£0.20
9.6+ 1.7 186.0t14.6 22.40£0.70 18.20+1.80
7.8t 2.4 102.0t14.9 -28.40+0.40 12.20+1.90
8.2+ 0.3 1112.0+21.0 -5.70+£2.20 126.70£2.60
0.8+ 0.2 161.7t18.0 -30.00+£20.0 190.00+30.0
37.7+ 5.3 48 .7+ 3.7 5.20+0.08 1.21+0.08
40.7+ 6.3 169.0+15.7 11.92+0.16 3.90+0.24
45.1+ 1.2 1295.0ft15.6 11.70%x0.40 26.211+0_38
8.5+ 3.5 10.1+ 2.7 2.35+0.12 1.12+0.13
10.3+ 3.5 13.5+ 3.2 8.82+0.10 1.23+0.13
31.3+ 2.1 265.0% 5.7 5.34+0.08 7.95+0.20
Co nts:
*) W=|Typdv (Kkms™1) . S(Jy) = 6 Typ

Line parameters correspond

to narrow filters data,

except those in italic which correspond to the 1MHz

filters data.
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Figure 1: Observed spectra around OrionlRC2. Abcissa is velocity
(between -20 and +30 kms-1). Ordinate is main beam brightness
temperature (between -300 and 2300 K). Spectral resolution is 0.25 kms-1.
Flux can be derived from S(Jy)=6 Tyg. Note that masers at different
velocities arise from different directions and that the strongest emission is
located to the Northeast of IRC2 and with a velocity similar to that of the
ambient molecular cloud.

maximum, which is 15500 Kkms-1. Figure 8 of Genzel et al. (1981) has
been superimposed on these contours.” Blacks dots are the 22 GHz low
velocity masers and crosses denote the high velocity 22 GHz masers. The
position of IRC2 and BN are indicated by filled circles. The shadowed
region corresponds to the 18 kms! outflow. The inner stippled region
around [RC2 is the central part of this outflow where the high excitation
molecuiar "plateau” lines may originate (Genzel et al., 1981).
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Astron. Astrophys. 293, L9-L12(1995)

Letter to the Editor
183 GHz water emission in W 49N

E. Gonzilez-Alfonso'?, J, Cernicharo?, R. Bachiller?, and A. Fuente?

! Universidad de Alcald de Henares, Departamento de Fisica , Campus Universitario, E-28871 Alcala de Henares, Madrid, Spain
? Centro Astronbmico de Yebes (IGN), Apartado 148, E-19080 Guadalajara, Spain

Fig. 2. Intensity map of the 183 GHe water line integrated from -11 to 23,3 kms™
and the compact HIT regions by small squares (from Dickel & Goss IFHJCI]. The central map position is given in Fig. 1. Contours are 1,
T4, 10, 20, 35, 50, 65, 80 and 959 of Lhe peak level, which is 2954 K km 7L, The spectra toward some particular positions are also

shown
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Fig. 1. Water and 12CO spectra observed toward the central posi-

tion of W49N: o =19h 7™ 49.85: § =9° 1/ 17" (1950). The central
velocity ranges of the water spectra are shown at the full intensity
scale in the small inserted boxes. The CO red low velocities were

contaminated by OFF emission and are not displayed. The CO
line wings are fitted to straight lines



ORION AS SEEN IN WATER VAPOUR
FROM GROUND BASED
OBSERVATORIES
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Figure 1: Observed spectra around OrionlRC2. Abcissa is velocity
(between -20 and +30 kms-1). Ordinate is main beam brightness
temperature (between -300 and 2300 K). Spectral resolution is 0.25 kms-1.
Flux can be derived from S(Jy)=6 Tyg. Note that masers at different
velocities arise from different directions and that the strongest emission is
located to the Northeast of IRC2 and with a velocity similar to that of the
ambient molecular cloud.

maximum, which is 15500 Kkms-1. Figure 8 of Genzel et al. (1981) has
been superimposed on these contours.” Blacks dots are the 22 GHz low
velocity masers and crosses denote the high velocity 22 GHz masers. The
position of IRC2 and BN are indicated by filled circles. The shadowed
region corresponds to the 18 kms! outflow. The inner stippled region
around [RC2 is the central part of this outflow where the high excitation
molecuiar "plateau” lines may originate (Genzel et al., 1981).




In 1994we hadanexceptionaleather Thewatervaporamountaboutthe

telescopavas0.3-0.5 mm. SeveralsourcesvereobservedOrion, W49, HH7-11)
andmorethan40 evolvedstarsweredetected

THE ASTROPHYSICAL JOURNAL, 432:L59-L62, 1994 September 1
i 1994, The American Astronomical Society. All rights reserved. Printed in U1.5.A.

WIDESPREAD WATER VAPOR EMISSION IN ORION

J. CernicHARO,! E. GoNzZALEZ-ALFONSO,"'2 J. ALcoLEA,! R. BacHILLER,! AND D. Joun?
Received 1994 March 7; accepted 1994 June 7

ABSTRACT

We have discovered spatially extended emission in the 3;3-2,, line of water vapor in Orion. This is the first
time that extended water emission has been found in the intersteflar medium. Many strong narrow features
with flux density ~(1-15) x 10* Jy have been detected around Ori A-IRc2. These features appear superposed
over a weaker (~ 10° Jy) high velocity plateau with a half-power size of 245”, and a total extent of 80" x 80"
Narrow lines with intensities ~25-200 Jy, are detected at the velocity of the molecular cloud for all the posi-
tions observed along the molecular ridge. These lines are not arising from point sources and the different
emission regions are well resolved by our 15" beam. Narrow and blueshified emission is also found along a
filament containing the S6 source 100" south of IRc2. From statistical equilibrium and radiative transfer cal-
culations for the physical conditions of the Orion molecular cloud, we conclude that the nature of the
observed water vapor emission is dominated by maser emission. The water abundance is estimated to be

larger than 107 °, implying that water vapor is a substantial component of the gas phase in warm molecular
clouds and one of its most important gas coolants.
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WATER VAPOUR
FROM GROUND BASED OBSERVATIONS
OF LOW MASS STAR FORMATION
REGIONS
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Letter to the Editor

Water emission at 183 GHz from HH7-11
and other low-mass star-forming regions

J. Cernicharo!, R. Bachiller!, and E. Gonzalez-Alfonso!'?

! Observatorio Astrondmico Nacional, Campus Universitario, Apartado 1143, E-28800 Alcali de Henares (Madrid), Spain
2 Universidad de Alcald de Henares, Departamento de Fisica, Campus Universitario, E-28871 Alcal4 de Henares (Madrid), Spain
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Fig. 1. Water spectra observed toward the central position of
HH7-11 (a(1950)= 3" 25™ 58.2%, §(1950)= 31° 05’ 46"'; these co-
ordinates correspond to HH 7-11A, the position of the 22GHz water
maser), at three different dates (upper two panels). Toward the off-
set 10”,~10" we show, in the two lower panels, the 1994 and 1995 0
water spectrum together with the 12C0O J=2-1 profile from Bachiller
& Cernicharo 1990. The small inserted pictures display the high ve-
locity resolution profile of the —93 kms™! water feature as observed

in 1994
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Fig. 3. Water emission in L1448-mm (a{1950)= 3" 22™ 34.3%,
§(1950)= 30° 33" 35"), observed in January 1995 with a spectral
resolution of 0.5 kms™!. The insert shows the spectrum taken with
the 1MHz filters (resolution of 1.6 kms™?)



The interpretation of the data requires extra information about the
spatial distribution of the different physical conditionsin the region

The IRAM 30-m and CSO data indicate a large region of emission
at 1833 and 325GHz (weak masers) Thesedata showthat several
regionswith very different physical conditions haveto be conside
red in any realistic model. Large H,O abundancesare required.

LLAMA systematicobservationsof the 1833 GHz line : sensitivity
and mapping in molecular clouds (bestatmospheric conditions)

LLAMA monitoring of the line intensity variation with time in
molecular cloudsand evolvedstars

LLAMA observationsof the 1833 GHz line towards solar bodies
(detectedin Mars and Venuswith the IRAM 30m telescopedy T



LINE SURVEYS



LINE SURVEYS

Spectral scans of tens of molecular clouds and evolved starts have been obse
the last 40 years from cm soibmmand MidIR Lambdas

Complete line census => determination of the physical conditions

Most of these line surveys are limited by line confusion (SgrB2, Orion, warm
molecular clouds)

Moderate sensitivity (except for a few sources)

What to do with LLAMA ? Can a telescope arriving now compete with previous
results ? What LLAMA could do ?

EXPLORE what other telescopes have not achieve in the previous line survey

EXAMPLE: THE QUIJOTE LINE SURVEY in the gand (3650 GHz)



NANOCOSMOS AND THE INTERSTELLAR MEDIUM
Observations of the cold prestellar core TMIC
and comparison with the external layers of IRC+10216

THE END OF THE LIFE OF A STAR AND THE BORN OF NEW STARS

A Matter from AGB stars, supernovae and other stars is injected t
A the ISM

A PAHSs are hardly formed in AGB stars (observed in p@<BB stars)
A Could PAHSs be formed in the cold and tenuous clouds of the IS
A How many molecules have been, and could be detected, in spa
A What degree of chemical complexity can be reached in a molec

cloud before a new star is formed ?

NANOCOSMOS NEW RECEIVERS FOR RADIO ASTRONOMY AND GAS
SPECTROSCOPY



A What frequency is the best for the study of chemical complexity ?

A Mm/Submm observations very well adapted to the determination of physical
properties through the observation of relatively small species in a large
variety of molecular clouds (HCN, HCO, CS, HNC; ALMA, 30m, APEX)

A Excellent frequency domain to search for molecules with-80 atoms in warm
and hot clouds. HOWEVER, very large partition functions, very large line
density and broad linewidths => line confusion reached very quickhAND not
all frequencies for a given molecule are predicted with the needed accuracy
(very high quantum number s, hi gh |

A Cloud dark clouds have the advantage of very low kinetic temperature, low
partition functions for large species (more than 10 atoms), and very narrow
linewidths.

A Performing a line survey with aneverachievedsensitivity could provide
unexpected surprises concerning chemical complexitywhat frequency
domain ? => Qband (31-:50 GHz) perfectly adapted to the search of new
molecular speciesOne of the maingoals ofNanocosmos.
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MADEX (Cernicharo, 2012) main tool for the search of new molecules with QUIJOTE

Pablo de Vicente

= BMEuropean Research Cou

& N - < = Established by the Europes

NANOCOSMOS

QUIJOTE aims to detect molecules using the old and classical fashion of line by line
detection. GOTHAM detects molecules using statistical stacking of much noisy data



The Yebes observatory is located in the region of La Mancha, the land of Dc
Quixote, at 950 m of altitude. It is around 60 km away from Madrid

Table 4. Estimated efficiencies for Yebes 40 m telescope from differer
contributions at four observing frequencies.

Component 32GHz 50GHz 72GHz 90GHz

Nmi 0.95 0.87 0.75 0.65
Nm2 0.99 0.97 0.94 0.91
i 1.00 0.97 0.97 0.95
Nohm 1.00 1.00 1.00 1.00
Mblock 0.92 0.92 0.92 0.92
Dinibe 0.98 0.98 0.97 0.97
ni 0.80 0.80 0.82 0.82
Total ns'? 0.67 0.59 0.50 0.41
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Nanocosmos Q and W band receivers with 20 GHz of | o | ° .
instantaneous bandwidth fully covered by FFTs with 0 W s 0 0 a0 g oo
spectral resolution of 38 kHz (half a million spectral channels). HEMT dual polarization

receivers that have defined a new statethe-art in the field. Receiver temperatures about
4 times the quantum limitFULLY AUTOMATIZED OPERATION (Telescope + Receivers)
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Fig. 8. Inner view of the Q band cryogenic amplifier module showing
the four transistor stages. the microstrip matching networks, and the

Fig. 5. Photograph of the O band cryostat. The most important parts a biasing components. Overall block dimensions are 43 x 29.5 x 10 mm

tagged to facilitate their identification.

including the waveguide transitions.
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with 38.15 kHz resolution (twgoolars).
Instantaneous bandwidth 3550 GHz.

Our choice for the spectral resolution is
a compromise between goals and costs
Our aim is the study of the chemical

complexity.

TMGC1 is a very well known source

and detailed studies with spatial and

velocity information are available.



First data from the YEBES 40m telescope for
TMC -1 in July 2020 (3150 GHz)

Commissioning of the radio telescope, receivers armhckendsachieved between summer
2018 and winter 2019 (2 years delay due to the complexity of the Rx system). First call for
proposals winter 2019

Observing time was granted during winter 2020/2021 reaching 240 hours on source by
May 2021 (frequency switching observations). B$eptember2022obstime =520hours

For IRC+10216 the total observing time in the same band is aroun¢l00hours (position
switching observations; lines are too broad and do not allow for frequency switching
observations).

Data for both sources available fromNobeyama45 m radio telescopeKaifu et al. 2004,
Kawaguchi et al. 1995) but our data are much more sensitive (factor Z8D!!!).

Data for TMC -1 from GOTHAM survey do not allow a line by line detection (spectral
stacking; McGuire et al. 2018). GOTHAM is limited to cyanide derivatives of
hydrocarbons. QUIJOTE allows to detect the mother molecules and the CCH derivatives

GOTHAM needs spectral information. QUIJOTE can use TMG1 as spectroscopic input



QUIJOTE : Q—band Ultrasensitive Inspection Journey to the Obscure Tmc—1 Environment
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