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Science Instruments
• PACS - Photodetector Array Camera and Spectrometer

– PI: Albrecht Poglitsch, MPE, Garching, Germany
– Imaging photometry and spectroscopy over 57- 210 µm
– 2 bolometer arrays for photometry, 2 (stressed) Ge:Ga arrays for

spectroscopy

• SPIRE - Spectral and Photometric Imaging REceiver
– PI: Matt Griffin, Cardiff University, United Kingdom
– Imaging photometry and spectro-photometry/-scopy over 200 -

670 µm
– 3 bolometer arrays for photometry, 2 bolometer arrays for

spectroscopy

• HIFI - Heterodyne Instrument for the Far Infrared
– PI: Thijs de Graauw, SRON, Groningen, The Netherlands
– Very high resolution spectroscopy over 480 - 1250 and 1410 - 1910

GHz
– SIS and HEB mixers, auto-correlator and AOS spectrometers

 http://herschel.esac.esa.int/OT_KP_wkshop.shtml













PACS :Instrument Concept
Focal Plane Footprint

32 x 16 pixels
6.4” x 6.4”

64 x 32 pixels
3.2” x 3.2”

• Imaging photometry
– two bands simultaneously (60-

85 or 85-130 µm and 130-210
µm) with dichroic beam splitter

– two filled bolometer arrays
(32x16 and 64x32 pixels, full
beam sampling)

– point source detection limit ~3
mJy (5s, 1h)

• Integral field line spectroscopy
– range 57 - 210 µm with 5x5

pixels, image slicer, and long-
slit grating spectrograph (R ~
1500)

– two 16x25 Ge:Ga
photoconductor arrays
(stressed/unstressed)

– point source detection limit
3…10 x10-18 W/m2 (5s, 1h)







SPIRE









LINE SURVEYS

• Why unbiased spectral coverage with HIFI ?
• To do what ?
• Limits (Molecular parameters)
• What sources ?
• What outcome from low spectral resolution

surveys (PACS, SPIRE) ?
• The quest for chemical complexityfrom

Herschel to ALMA



Far-Infrared domainSubmillimeter domain



CSO, JCMT, ALMA
Herschel up to 5 THz

SOFIA



What we know about the far-IR molecular emission/absorp-
   tion in interstellar and circumstellar clouds ?

- KAO (atomic fine structure lines, some high-J CO obser-
            vations, OH, CH, …)

- JCMT, CSO (submillimeter), SWAS (H2O at 557 GHz), 
           ODIN (H2O at 557, O2, NH3)

- ISO (H2O, OH, CH, CH+, high-J CO & HCN, dust, C3, C4, …)

So far, the ISO database is the main input for the study of
the molecular content of molecular clouds in the far-IR 
(but poor angular resolution and limited spectral resolution) 



The scientific cases for heterodyne instruments in the 
          submillimeter and far-Infrared :

     Observation of light molecular species (H2O, OH, CH, CH+)
     Observation of high-J transitions of abundant molecular 
            species (CO, HCN, …)
     Observation of molecules without permanent
            dipole moment (C3, C4, …, complex organic molecules)
     Observation of atomic fine structure lines ([OI],[CII],[NII],…)
     Observation at frequencies blocked by the Earth atmos-
            phere (H2O)

What kind of instruments ?
        Sensitive interferometers (ALMA)
      Airborne telescopes (SOFIA)
      Space Platforms (SWAS, Odin, Herschel, future
               space large telescopes or interferometers)





6 THz 1.5 THz



Goicoechea et al. 2004, ApJ,600, 214 1.65 THz2.06 THz

2.95 THz 2.1 THz

2.97 THz5.8 THz 4.75 THz

Low resolution Spectroscopy with ISO (Infrared Space Observatory)



Unbiased frequency coverage

• All rotational lines arising from energy levels
pumped through collisions and or photons are
observed

• Large range of physical conditions
• Good determination of physical parameters and

molecular abundances
• All molecules observed, including isotopes and

vibrationally excited states  Molecular
abundances  chemical constraints



11/22/07 13:36

 3mm line survey of IRC+10216  -30m IRAM telescope-

1975

1980

1985

1995

• What we could expect from line surveys ?

• Why we want to carry out line surveys ?

•What we need to interpret ALMA & Herschel line surveys ?

2007



HC4N :: Cernicharo et al., 2004, ApJLetters    SiNC: Guélin et al., 2004, A&A11/22/07 13:36



So far all chemical models are fine tuned to fit the observed 
molecular abundances

What happens with molecules without dipole moment ?

How to identify large carbon molecules like PAHs ?

What kind of molecules could be observed ?





Cumulenic Carbon Clusters

C3 ν2=63.4 cm-1 (158 µm)

C4 ν5= 160±4 cm-1 (61-64 µm)

C5 ν7= 107±5 cm-1 (89-98 µm)

C6 ν9= 90±50 cm-1 (71-250 µm)

C7 ν11= 80 cm-1 (125 µm)

C8 ??

C9 ν15= 51 cm-1 (196 µm)

C10 ? (linear isomer observed)

Orden & Saykally 1998
Chem. Rev. 98, 2313



Looking for exotic molecules

• Very exciting work
• But many simple and potential species still

missing
• Some interesting species can not be

observed due to lack of permanent dipole
moment (CH4, C2H4, C2H6,…)

• What to look for ?



CH2CHCH3
Propylene,
Propene,

Methylethene



A Hot-core like molecule in a cold molecular 
      core (TMC1)

An unexpected molecule  No formation paths
                                              available in chemical
                                              models. No frequencies
                                              in the public catalogs
A very abundant species  
            X(CH2CHCH3)=X(c-C3H2) !!!!!

MISSING LINKS IN GAS PHASE CHEMISTRY ?
OR RICH DUST SURFACE CHEMISTRY EVEN IN 
DARK CLOUDS

CHEMICAL AND PHYSICAL EVOLUTION OF 
THE GAS & DUST: FROM COLD DARK CLOUDS 
TO  PROTO-STELLAR CORES,  HOT CORINOS 
& HOT CORES,  PROTO-PLANETARY DISKS

Far-IR observation of the bending modes of
large organic molecules not observable
through pure rotational lines due to the lack 
or weakness of their dipole moment



Large Organic Molecules ?
• So far all detected complex organic molecules are

derivatives of CH4, CH2CH2 and CH3CH3,
(CH3CH2CH3) (NONE OF THESE SPECIES HAVE
BEEN OBSERVED IN COLD DARK CLOUDS !!!!)

• Larger Species searched in the Orion survey but not
found yet : CH3CH2CH2OH, CH3CH2CH2CN,….

• Abundance factor between 2 and 3-C species > 10 !

• Line Confusion requires a large number of
transitions to be confident about possible new
detections.



Orion

• The prototype of hot molecular cloud
• The main target for many astronomers
• A real nightmare to interpret even with

present facilities !
• But a mandatory step in understanding

star formation and a template for other
distant objects

(Ted Bergin proposal is devoted to line
surveys of Orion and SgrB2)
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•Onsala line survey of Orion. State of the art in the 80’s
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IRAM 30m spectrum; 40 min integration; Tsys=100 K



•Belen Tercero, PhD, DAMIR





•Orion as seen with the 30-m IRAM Telescope. 10 min observing time/GHz

35 hours observing time B. Tercero & Cernicharo





Herschel will unveil the far-IR spectrum
of this source

ALMA will provide hundreds of Orions
–even in Orion itself - !!

• 30m IRAM telescope 80-280 GHz = 16000
lines in Orion

                   8000 unassigned in 2005 !!
                   6000 unassigned in 2007 !!
How to proceed ? What to do ?
Around 1000 Ulines less per year (optimistic

view).



Problems for Herschel ::

Accurate line frequencies up to 2 THz of most 
abundant molecules

Problems for ALMA:

Accurate line frequencies up to 1 THz for all 
molecules
& their isotopes
& their vibrationally excited states



Cazaux et al. 2003

C. Ceccarelli HIFI program : Unbiased line surveys
of star forming regions



ALMA : All molecular species

except H2O, OH, CH, CH+,

fine structure atomic lines

HERSCHEL : All molecules

including H2O, OH, CH, CH+,

and fine structure atomic lines,

but limited angular resolution





The real world : Orion & CRL618
lines every where

BUT WE INTERPRETED
CRL618 AT 98% !!

Main conclusion :Each source needs a specific
model  and an specific subset of molecules from

line catalogs !! It is possible to make a deep study
on molecular complexity if we have the correct

molecular inputs

WORK DONE AT DAMIR (CSIC; MADRID)

by Juan Ramón PARDO and collaborators



11/22/07 13:36 •J. Cernicharo.   “Dusty Universe 2004”

The inner part of the neutral envelope isThe inner part of the neutral envelope is
quickly ionized by the UV photons fromquickly ionized by the UV photons from
the hot central star. An HII region isthe hot central star. An HII region is
created and in the frontier with thecreated and in the frontier with the
neutral envelope a neutral envelope a photodissociationphotodissociation
region is produced.region is produced.

The increase of temperature and theThe increase of temperature and the
presence of UV photons, together withpresence of UV photons, together with
the anisotropic winds arising  from thethe anisotropic winds arising  from the
star  excavate  the  neutral envelope andstar  excavate  the  neutral envelope and
an important fraction of ionizing photonsan important fraction of ionizing photons
escape the envelope.escape the envelope.

Cernicharo et al., 1989
Gammie et al., 1989



Spectroscopy and Molecular Astrophysics with
Herschel & ALMA:

How can we interpret the spectrum of a molecular cloud
with a high line density ? (for example CRL618 or
Orion)

Modelling the physical and chemical structure

What we need ?
Molecular parameters :
    Frequencies (with error estimates)
    Line strengths
    Dipole moments
    Collisional rates (PES)11/22/07 13:36



• λ ~ 3 mm • λ ~ 2 mm

• λ ~ 1.3 mm • λ ~ 1.0 mm

•CRL618 Spectral Line Survey



•3 mm window : Data and final model



•2 mm window : Data and final model



•1.3 mm window : Data & final model



HERSCHEL OPEN TIME PROPOSAL for AGBs
(Pardo et al.)

• HIFI, but also very sensitive PACS and SPIRE line surveys of
evolved stars :

• IRC+10216
• CRL618
• NGC7027
• VyCMa
• NML Tau
• OH 231.8

HERSCHEL  CHEMICAL COMPOSITION, PHYSICAL
CONDITIONS ACROSS THE CSEs.

ALMA spatial resolution below 0.1” (very strong brigthness
temperatures !!) Chemistry & Physics of CSEs



Low spectral resolution ISO spectrum of IRC+10216 :: PACS and SPIRE
are much more sensitive and have larger spectral resolution !!



11/22/07 13:36 •J. Cernicharo.   “Dusty Universe 2004”
Cazaux et al. 2003

Sergio Martín et al. 2004

LINE SURVEYS IN
GALAXIES :
CHEMICAL
COMPOSITION,
PHYSICAL
CONDITIONS

HERSCHEL : WARM
GAS

ALMA – Molecular spatial
distribution in galaxies



*HERSCHEL (2008):

   Complete frequency coverage (excitation conditions of the gas).

   New molecular species (gas composition)

   Molecules without permanent dipole moment (low bending modes); carbon

   clusters

*ALMA (2012):

 High sensitivity : all molecular species; complex organic molecules

                               Protoplanetary disks; molecular content of galaxies;

                               Cosmology (molecules in high-z objects)

  High angular observations of HCN, SiO, and other species in the innermost

  regions of CSEs (dust formation zone).
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Frequencies and molecular parameters for :

(1) Isotopes of all abundant species

(2) Vibrationally excited states of all large molecules  (HC3N,
      HC5N, HC7N, …, C6H, C7H,…., SO2, CH3OH, CH3OCH3,…)

(3) Ro-vibrational transitions of species like C3H, C4H, C5H,
      C6H, C7H (all them have low frequency bending modes).

Torsional states of CH3-X molecules

 Most of data related to (3) could be obtained from astronomical
observations if (1) and (2) are available in  good spectral
catalogs

 When (1) (2) and (3) satisfied  new molecules  Chemical
complexity.

 (1) & (2) mean an excelent input to the study of the physical
conditions of molecular clouds.


