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Synergies or complementarity

• Different lifetimes (Herschel will operate until 
2012, just the date for ALMA first light)

• Different spectral resolution except for HIFI

• Angular resolution 100-1000 better for ALMA

• Surface 600 times larger for ALMA. 
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Cernicharo et al., A&A, 1997, 323, L25



Goicoechea et al. 2004

•PACS will provide a unique view of the role of hydrides and Carbon Clusters:

•ALMA will be able to observe the products of reactions of these “hidden molecules”



SPIRE:  The Spectral and Photometric Imaging Receiver 
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• Main scientific design drivers
- Wide-area extragalactic and galactic

surveys with spectroscopic follow-up
- Medium-resolution imaging 

spectroscopy of the ISM and star-
forming regions in our own and 
nearby galaxies

• Sensitivity limited by thermal emission
from the Herschel telescope (80 K; ε = 4%)

• 3He cooled bolometer detector arrays 
(0.3 K)

• Minimal use of mechanisms 
- Photometer beam steering mirror 
- FTS mirror drive

•SPIRE : All CO, HCN, H2O,, lines in high mass star forming regions (+PACS+HIFI)

•ALMA : detailed view of these regions



HIFI Expected Performance

(Schilke et al. 2000)

• CSO Spectrum of Orion: 
8 nights 

• Same spectrum for HIFI: 
expected less than 1 hour 

• Total HIFI range in 12 hours

• Noise levels

• Setting 4 GHz

• Resolution 1 MHz

• DSB

•HIFI : full molecular census ; ALMA : detailed spatial distribution



Science with HIFI – Water 

SWAS  observations 
of the Orion Region  

OMC-1

Courtesy HIFI Project
Laboratory Data







ALMA BASELINE (HAS BEEN REBASELINED to 50 Antennas)
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From P. Shaver
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SCIENCE WITH ALMA and THE SYNERGY

with HERSCHEL

-Studies of the early Universe                  - Young stellar objets

-Gravitational lensing - Outflows

-QSO molecular absorption lines             - AGBs

-Detailed studies of galaxies                      - Protoplanetary Nebulae

-AGNs - Masers

-Interstellar absorption lines

-Astrochemistry

-Protostellar clouds



Bertoldi et al. 2003





Cazaux et al. 2003



Cazaux et al. 2003

Sergio Martín et al. 2004



Water Vapor
183.3 and 325 GHz

(ALMA FREQUENCIES!!)

Galaxies
ISM

Star Formation



Water Megamasers in AGNs

• Only a few objects show 22 GHz
megamaser emission

• Peculiar physical conditions to excite these
masers (very restrictive)

• Many sources, showing OH megamasers do 
not show H2O emission

• Could ALMA do a similar work in other
water lines ?



NGC1068

From Jaffe et al., 2004

Nature

22 GHz Megamaser



González-Alfonso et al., 2004

Why not in Arp 220 ?



Cernicharo et al., 2006, ApJ Lett.

30-m IRAM Telescope

ARP220
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183 GHz : a tool to study the innermost zones of star 

forming regions and the nucleii of AGNs, 

ULIRGs,… !!

• IRAM-30m Telescope observations (2900 m altitude)

•Detected towards class 0 sources

•Detected towards massive star forming regions

•Detected in evolved stars

•Detected in Galaxies like Arp 220



183.3 GHz observations with the 30-m IRAM 
radiotelescope towards Sgr B2 (Cernicharo et al., 
2004).
w(H2O)=0.8 mm (telescope elevation = 24º)

350 um continuum emission
towards SgrB2 observed with
the CSO Telescope (D. Lis)

183.3 GHz as a tracer of the Physical 

conditions of the ISM. Absolutely 

necessary to interpret Herschel data



Contours :

CO

Colors :

H2O

30-m IRAM

Telescope

Cernicharo et al., 1994



H2O at 325 GHz

HPBW = 22”

CSO Telescope

Cernicharo et al. 1999, ApJ, 520, 131

The ground based observations
of water vapour at 183 and 325 GHz
indicated a high abundance for
this species, x(H2O)=10-4, in the
shocked gas around IRc2, an abun-
dance ≈10-5 in the gas surrounding 
this source (± 50”) and >10-6 over 
spatial scales ± 2 arcminutes.

There is not way to pump this
weak masers if x(H2O) is below
10-6



Cernicharo et al., 1996, A.&A.,  305, L5

Class 0 source L1448-m at 183.3 GHz



Science with HIFI – The Birth of Stars

Courtesy HIFI Project

Star formation 
takes place in a 
series of steps, 
with initial collapse 
followed by 
copious outflow.  
Herschel will help 
us to better 
understand these 
sequences and the 
basic physical 
processes at play.



Evolved stars:

O-rich stars : H2O a key molecule
HERSCHEL

C-rich ProtoPlanetary Nebula :
HERSCHEL AND ALMA



W Hya

Barlow et al., 1996;  Neufeld et al., 1996



Asensio, Cernicharo, González-Alfonso
in preparation

VY CMa

All features are real

All pure rotational lines of 
wapour with >43 um detected

Some lines from the v2=1
bending level also detected

Modelling requires collisional
rates for Tk=20-2000 K including
ro-vibrational collisions

HERSCHEL :HIFI, PACS, SPIRE
ALMA : 183.3 (?) & 325 GHz



Cernicharo et al., 1996, A.&A., 315, 201

83 cm-1

IRC+10216 a C-rich CSE :: HCN (in all v), CO



Herpin & Cernicharo,
2000, ApJ Letters, 530,
L129



Synergy between Herschel and ALMA for AGBs and proto-planetary

nebulae

*Herschel :

Complete frequency coverage (excitation conditions).

New molecular species and molecular species non observable from ground

Molecules without permanent dipole moment (low bending modes)

*ALMA :

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

regions of CSEs (as H2O)

In some cases (HCN for example) a lot of lines arising from vibratio-

nally excited states could be observed è The dust formation zone

HC3N in vib up to 1400 cm-1 (PDRs typical size 1-2”, the growth of carbon

chains)



CONCLUSIONS
• Prepare proposals for Herschel having ALMA in mind 

(follow ups with high angular resolution). But ALMA is 
not limiting at all the science that Herschel will do !!! 

• Objetcs found with Herschel / Planck could be excellent 
targets for ALMA. 

• Select frequencies (lines and continuum) in OT KP that 
will provide unique inputs for future ALMA observations

• REAL SYNERGY BETWEEN Herschel and existing 
ground based facilities (higher angular resolution, 
preparatory observations,…)


