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LLAMA & ASTROCHEMISTRY

ÅH2O (single dish versus ALMA and versus space 

telescopes ISO, SWAS, Herschel, Spitzer, JWST)

ÅExtremely  sensitive Line surveys

Molecular clouds

Evolved stars

ÅLarge scale Mapping of key tracers in several 

rotational transitions

ÅTIME monitoring of thermal emission in AGBs



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 32GHz of bandwidth at somemoment

In the last 30yearsseveraltelescopeshavebeenobservingin

the mm and submm domains : IRAM, NOBEYAMA,

CSO, JCMT, APEX

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

What could be donewith a telescopesimilar to APEX ?

Perhapsnew instrumentation

Perhapsaddressingnew observationalchallenges
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WATER VAPOUR OBSERVATIONS

WITH LLAMA

ÅThe observational challenge

ÅHigh mass star forming regions

ÅLow mass star forming regions

ÅLarge scale mapping at 183 GHz

ÅEvolved stars (monitoring)



The problem of the observationof water vapor :

Our atmosphereis full of water vapor.

Water vapor was detected in the ISM and CSM in 1969 from

observationsat a 22 GHz (Cheunget al.).

Our atmosphereis transparent at this frequency as the transition

involvestwo levelsat 700K with a low line strength.

Water detectedonly in small regionsof the ISM and CSM

To observeH2O wehaveto go to space (ISO, SWAS,ODIN,

Herschel,JWST) !!!

But this is not completelytrue !!!!!!
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THE FIRST OBSERVATIONS

OF EXTENDED WATER

EMISSION

FROM GROUND

24-25 December1989

Excellentgoodweatherat 19h30 of December24, 1989

Temp=-20 C, Relativehumidity 10%, altitude2900 m



9/8/2022 1:20:06 PM J. Cernicharo.   ñH2O in the ISM and CSMò



9/8/2022 1:20:06 PM J. Cernicharo.   ñH2O in the ISM and CSMò



9/8/2022 1:20:06 PM J. Cernicharo.   ñH2O in the ISM and CSMò



9/8/2022 1:20:06 PM J. Cernicharo.   ñH2O in the ISM and CSMò

W49N at 183.3 GHz

W49N at 22GHz
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ORION AS SEEN IN WATER VAPOUR

FROM GROUND BASED 

OBSERVATORIES
183 and 325 GHz
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In 1994we hadanexceptionalweather. Thewatervaporamountaboutthe

telescopewas0.3-0.5 mm. Severalsourceswereobserved(Orion,W49, HH7-11)

andmorethan40evolvedstarsweredetected
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1989

1994

Orion IRc2
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H2O at 325GHz

HPBW= 22ò

Cernicharoet al. 1999, ApJ Letters

Thegroundbasedobservations

of watervapourat 183and325GHz

indicatedahigh abundancefor

this species,x(H2O)=10-4, in the

shockedgasaroundIRc2, anabun-

danceº10-5 in thegassurrounding

this source(°50ò)and>10-6 over

spatialscales°2 arcminutes.

Thereis not way to pumpthis

weakmasersif x(H2O) is below

10-6
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183.3 GHz

is easilyexcited

Angularscalesfrom

severalarcminutes

downto 1òor less



WATER VAPOUR

FROM GROUND BASED OBSERVATIONS

OF LOW MASS STAR FORMATION

REGIONS
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The interpretation of the data requires extra information about the

spatial distribution of the different physical conditions in the region

The IRAM 30-m and CSO data indicate a large region of emission

at 183.3 and 325GHz (weak masers). Thesedata showthat several

regionswith very different physical conditionshaveto beconside-

red in any realistic model. Large H2O abundancesare required.

LLAMA systematicobservationsof the 183.3 GHz line : sensitivity

and mapping in molecular clouds(bestatmosphericconditions)

LLAMA monitoring of the line intensity variation with time in

molecular cloudsand evolvedstars

LLAMA observationsof the 183.3 GHz line towards solar bodies

(detectedin Mars and Venuswith the IRAM 30m telescopeby T



LINE SURVEYS



LINE SURVEYS

Spectral scans of tens of molecular clouds and evolved starts have been observed in 

the last 40 years from cm to submmand Mid-IR 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 surveys

EXAMPLE: THE QUIJOTE LINE SURVEY in the Q-band (30-50 GHz)



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

ÁMatter from AGB stars, supernovae and other stars is injected to 

Á the ISM

ÁPAHs are hardly formed in AGB stars (observed in post-AGB stars)

ÁCould PAHs be formed in the cold and tenuous clouds of the ISM ?

ÁHow many molecules have been, and could be detected, in space?

ÁWhat degree of chemical complexity can be reached in a molecular 

cloud before a new star is formed ?

NANOCOSMOS AND THE INTERSTELLAR MEDIUM

Observations of the cold prestellar core TMC-1

and comparison with the external layers of IRC+10216

NANOCOSMOS NEW RECEIVERS FOR RADIO ASTRONOMY AND GAS 

SPECTROSCOPY



ÅWhat frequency is the best for the study of chemical complexity ?

ÅMm/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 )

ÅExcellent frequency domain to search for molecules with 6-10 atoms in warm 

and hot clouds. HOWEVER, very large partition functions, very large line 

density and broad linewidths => line confusion reached very quickly AND not 

all frequencies for a given molecule are predicted with the needed accuracy 

(very high quantum numbers, high level energies,é)

ÅCloud dark clouds have the advantage of very low kinetic temperature, low 

partition functions for large species (more than 10 atoms), and very narrow 

linewidths.

ÅPerforming a line survey with a never-achievedsensitivity could provide 

unexpected surprises concerning chemical complexity. What frequency 

domain ? => Q-band (31-50 GHz) perfectly adapted to the search of new 

molecular species. One of the main goals of Nanocosmos. 



QUIJOTE
Q-band Ultrasensitive Inspection Journey to the Obscure TMC-1 Environment

The Complex Chemistry of Hydrocarbon Cycles in TMC -1

and a comparison with the external layers of IRC+10216

José Cernicharo

jose.cernicharo@csic.es

Windmills in  La Mancha.  
The land of Don QUIXOTE

Dark cloud such as TMC-1

GOTHAM

100m 

telescope
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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

MADEX (Cernicharo, 2012) main tool for the search of new molecules with QUIJOTE



Yebes 40m telescope observing TMC-1 in January 2021

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



TMC-1

Nanocosmos Q and W band receivers with 20 GHz of

instantaneous bandwidth fully covered by FFTs with

spectral resolution of 38 kHz (half a million spectral channels). HEMT dual polarization

receivers that have defined a new state-of-the-art in the field. Receiver temperatures about 

4 times the quantum limit. FULLY AUTOMATIZED OPERATION (Telescope + Receivers)



Spectrometers: 2x8x2.5 GHz FFTs
with 38.15 kHz resolution (two polars).
Instantaneous bandwidth 31-50 GHz.

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

TMC-1 is a very well known source
and detailed studies with spatial and
velocity information are available.

F. Terceroet al., 2020, A&A, 345, A37



First data from the YEBES 40m telescope for 
TMC -1 in July 2020 (31-50 GHz)

Commissioning of the radio telescope, receivers and backendsachieved 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). By September 2022 obstime = 520 hours

For IRC+10216 the total observing time in the same band is around 400 hours (position 
switching observations; lines are too broad and do not  allow for frequency switching 
observations).

Data for both sources available from Nobeyama45 m radio telescope (Kaifu et al. 2004, 
Kawaguchi et al. 1995) but our data are much more sensitive (factor 20-50 !!!).

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 TMC-1 as spectroscopic input



Frequency switching observations

QUIJOTE
YEBES 40m

LINE SURVEY OF TMC1

only 22 lines
above 400mK



5 mK

2 mK

1 mK

A  forest of lines
from 
isotopologues
and unknown
species


