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IRAS (1983) 
–  57 cm 

–  12-100 µm 

ISO (1995-98) 
–  60 cm  

–  2.4-240 µm 

Spitzer 
(2003-09) 

–  85 cm  

–  3.6-160 µm 
–  +5 years ‘warm’ 

AKARI (2006-07) 
–  67 cm 

–  1.7-180 µm 

–  +3 years warm 

SWAS (1998-2004/5) 
•  55x71 cm 
•  538-609  µm 

Odin (2001-06) 
•  1.1 m  
•  517-617  µm 

Herschel in context – the heritage 

Infrared:  
•  small <1 m telescopes 
•  wavelengths <200 µm 

Submillimetre:  
•  small ~1 m telescopes 
•  wavelengths ~600 µm 
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Large telescope 
–  3.5 m diameter 

–  collecting area and resolution 

New spectral window 
–  55-671 µm –  bridging the far infrared 

& submillimetre – the ‘cool’ universe 

Novel instruments 
–  wide area mapping in 6 ‘colours’ 

–  imaging spectroscopy 
–  very high resolution heterodyne 

spectroscopy 

Herschel objectives 
–  star formation near and far 

–  galaxy evolution over cosmic time 

–  ISM physics/chemistry 

–  our own solar system 
–  provide a unique perspective 

–  offer 3 years of routine observing 

What does Herschel offer? 
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Credit: WMAP 

–  Half of the energy created in the Universe since the 
CMB has been reprocessed into the IR 

–  Herschel covers the IR peak and pushes into the  
submillimetre 

Importance of the FIR & submm 
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Credit: WMAP 

–  Half of the energy created in the Universe since the 
CMB has been reprocessed into the IR 

–  Herschel covers the IR peak and pushes into the  
submillimetre: cold black-bodies 

Importance of the FIR & submm 
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Credit: WMAP 

–  Half of the energy created in the Universe since the 
CMB has been reprocessed into the IR 

–  Herschel covers the IR peak and pushes into the  
submillimetre: cold black-bodies & spectral lines 

Importance of the FIR & submm 
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Credit: WMAP 

–  Half of the energy created in the Universe since the 
CMB has been reprocessed into the IR 

–  Herschel covers the IR peak and pushes into the  
submillimetre: IR-bright galaxies 

Importance of the FIR & submm 
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Credit: WMAP 

–  Half of the energy created in the Universe since the 
CMB has been reprocessed into the IR 

–  Herschel covers the IR peak and pushes into the  
submillimetre: IR-bright galaxies & SF early phases 

Importance of the FIR & submm 
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Spacecraft 
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Herschel – the machine 

Launch Mass: 
~3400 kg 

Power: ~1200 W  

3-axis stabilisation 

Sunshield and solar 
array 

7.2 m 

Telescope (3.5m) 

Helium-II Cryostat 

Service Module 

(3.5 years 
lifetime) 

~4 m 

3 novel science 
instruments: 

Detectors working 
at ~2 K and 
300 mK 

PACS, SPIRE, HIFI 

Warm electronics in 
SVM 
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Fairing integration on 10 May 2009 
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Fairing integration on 10 May 2009 
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Fairing integration on 10 May 2009 
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V188 rollout on 13 May 2009  
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Launch on 14 May 2009! 
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Launch on 14 May 2009! 
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Launch 14 May 2009 
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V188 launch on 14 May 2009 
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Herschel orbit 

Two LEOP maneouvres 

•  OCM   2009-05-15T15:28:20.654   9.01 m/s 

•  Touch-up OCM  2009-05-18T18:13:02.5666  1.01 m/s 

Since then nine maneouvres 

•  Transfer OCMs 1 & 2    total  0.90 m/s   

•  Station keeping OCMs 1-7   total  1.27 m/s 

•  Typical OCMs 4-6 weeks apart with typical Δv   ~0.1-0.2 m/s 

Herschel has been in final ‘orbit’ since day#2! 

•  Orbit maintenance, but no orbit insertion (as opposed to Planck) 

•  LEOP OCM put Herschel on ‘stable manifold’ for large amplitude ‘semi 
halo’ orbit 
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Two LEOP maneouvres 

•  OCM   2009-05-15T15:28:20.654   9.01 m/s 

Herschel orbit 
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Two LEOP maneouvres 

•  OCM   2009-05-15T15:28:20.654   9.01 m/s 

Herschel orbit 
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Thermal stabilisation - HTT 
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Thermal stabilisation – levels 0, 1, 2, 3 
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Thermal stabilisation – CVV & shields 
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Thermal stabilisation – tel, LOU, CVV 
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•  Launch on 14 May 2009 
•  Commissioning Phase ~2 months 

•  Functional testing 
•  Cryocover opening after ~1 month 

•  Performance Verification Phase ~3 months 
•  Optimisation and release of observing modes 

•  Science Demonstration Phase  ~1 month 
•  Execute snippets of observing programmes for verification 
•  Get initial science as ‘by-product’  

•  Routine Science Phase 
•  Execute the Key Programmes 
•  Issue inflight calls for proposals 

Early mission phases – the Plan 
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Cryocover opening on 14 June 2009 
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… and in the evening the day after 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #29     



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #30     

Spitzer/MIPS & Herschel/PACS at 160 um 

•  When SDP initially was scoped there was the assumed need  of an 
AO issued very early in the routine ops phase (ROP) 
–  It was assumed that 50% of GT would go into KPs (but >90% did) 
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Spitzer 24 um and Herschel 100 um 

Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #31 
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Herschel at 160, 100 , and 70 um 
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Encircled energy and PSF by PACS 

Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #33 

EEFs in blue (70), green (100), 
and red (160) um bands 

PSFs based on Vesta observations; 
top->bottom: blue, green, & red 
bands; left->right: scaled to peak, 
10% and 1% 
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SPIRE ‘First light’   
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Compare Spitzer/Herschel 160 um 

•  When SDP initially was scoped there was the assumed need  of an 
AO issued very early in the routine ops phase (ROP) 
–  It was assumed that 50% of GT would go into KPs (but >90% did) 
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Herschel/SPIRE at 500/350/250 um 

•  When SDP initially was scoped there was the assumed need  of an 
AO issued very early in the routine ops phase (ROP) 
–  It was assumed that 50% of GT would go into KPs (but >90% did) 
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HIFI ‘First light’   
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•  When SDP initially was scoped there was the assumed need  of an 
AO issued very early in the routine ops phase (ROP) 
–  It was assumed that 50% of GT would go into KPs (but >90% did) 

Herschel/HIFI  THz spectroscopy 
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SPIRE/PACS parallel mode observations   
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PACS and SPIRE spectroscopy 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #41     

PACS and SPIRE spectroscopy 
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No HIFI 2 August 2009-10 January 2010 
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No HIFI 2 August 2009-10 January 2010 

Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #43 
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Taking stock – status observing 

Launched on 14 May 2009 
•  14 June 2009 - cryo-cover opening, followed by first observation 
•  15 July 2009 - Performance Verification Phase commenced 
•  2 August 2009 - HIFI anomaly 
•  12 September 2009 – first Science Demonstration Phase observation 
•  18 October 2009 – first Routine Science Phase observation 

SDP Initial Results workshop 17-18 December 2009 
•  10-14 January 2010 – HIFI turned on  
•  February-April 2010 – HIFI catching up, allocated 50% of the time 
•  9 March 2010 – HSA and HIPE publicly available 
•  31 March 2010 – submission deadline A&A Special Issue papers 

HIFI Initial Results workshop 12-13 April 2010 
Herschel First Results symposium 4-7 May 2010 

•  14 May 2010 – deadline for Key Programme AORs 
•  15 May 2010 – acceptance deadline for A&A Special Issue papers 
•  May 2010 – approximately 25% of the KPs have been observed 
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ESLAB 2010 and A&A 

ESLAB 
•  Held in ESTEC 4-7 May 2010 
•  415 participants actually 

registered onsite – may be 
biggest meeting ever held in 
ESTEC 

•  99 oral presentations 
•  100+ posters 
•  Press event on 6 May 

A&A Special Issue 
•  153 papers submitted by 31 

March deadline 
•  15 May acceptance deadline 
•  astro/ph posting of accepted 

papers commenced on 10 May 



The Herschel Gould Belt Survey 

  IRAS 	

100 µm	


Cepheus	

Ophiuchus	


CrA	
 Orion	


  Aquila	


Lupus	


Taurus	


Perseus	

Chamaeleon	


 Gould Belt	


Serpens	


   http://gouldbelt-herschel.cea.fr/ 

•  What determines the distribution of stellar masses = the IMF ?	

•  What generates prestellar cores and what governs their evolution to protostars and proto-

brown dwarfs ?	


    SPIRE/PACS 70-500 µm imaging of the bulk of nearby (d < 0.5 kpc) molecular clouds (~ 160 deg2), 
mostly located in Gould’s Belt.	


Motivation: Key issues on the early stages of star formation 	


Ph. André -  ESLAB 2010  Herschel First Results - ESTEC – 4 May 2010 
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“First images” from the Gould Belt Survey 

Red : SPIRE 500 µm 
Green : SPIRE 250 µm 
Blue : PACS 160 µm 

    ~ 7 deg2 field          

1)        Polaris 
translucent cloud    
(d ~ 150 pc) 

Ward-Thompson et al. 2010 
Miville-Deschênes et al. 2010 
A&A special issue 
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“First images” from the Gould Belt Survey 

2)  Aquila Rift     
star-forming 
molecular cloud                    
(d ~ 260 pc) 

Red : SPIRE 500 µm 
Green : SPIRE 160 µm 
Blue : PACS 70 µm 

 ~ 3.3 deg x 3.3 deg   
   field  

Könyves et al. 2010 
Bontemps et al. 2010 
André et al. 2010 
A&A special issue 
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  Location in mass vs. size diagram, consistent with BE spheroids 
  High degree of concentration:   NH2, peak /<NH2>  ~  4  on average 
  Median column density contrast over the background ~ 1.5 

Most of the Aquila starless cores are bound 

  Likely 
prestellar in 
nature 

Deconvolved FWHM size 	


M
as

s, 
 M

 (M
☉

)	


Motte et al.       
(2001) 

Cirrus 
noise limit 
in Aquila 

Könyves et al. 2010 
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Most Polaris starless cores are unbound 

  Location in mass vs. size diagram: 2 orders of 
magnitude below the density of self-gravitating Bonnor-Ebert 
isothermal spheres 

Deconvolved FWHM size 	


M
as

s, 
 M

 (M
☉

)	


  not  (yet ?) 
prestellar  

André et al. 2010 
Ward-Thompson et 
al. 2010 

Motte et al.  
       (2001) 

Cirrus 
noise limit 
in Polaris 
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  Confirming link prestellar CMF & IMF 

Könyves et al. 2010 
André et al. 2010 
A&A special issue 

Prestellar Core Mass Function (CMF) in Aquila Complex	


 IMF 

CM
F 

× ε	


  Good (~ one-to-one) correspondence between core mass and system mass: 
M* = ε Mcore with ε ~ 0.2-0.4 in Aquila	

  The IMF is at least partly determined by pre-collapse cloud 
fragmentation (cf.  models by Padoan & Nordlund 2002, Hennebelle & Chabrier 2008)	


341-541 prestellar cores 
in Aquila - factor ~ 2-9 
better statistics than 
earlier studies:  	

e.g. Motte, André, Neri 1998;  
Johnstone et al. 2000;   Beuther 
& Schilke 2004; Stanke et al. 
2006; Enoch et al. 2006; Alves 
et al. 2007; Nutter & Ward-
Thompson 07	
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The Polaris starless cores are not 
massive enough to form stars 

    The mass function of Polaris starless cores peaks at ~ 0.02 M☉, i.e.,   
~  one order of magnitude below the peak of the stellar IMF	


                    Mass Function of the Starless Cores in Polaris	


IMF 

André et al. 2010 
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Prestellar cores form out of  a 
filamentary background 

    Herschel (SPIRE+PACS) 
Column density map (H2/cm2)   

1023 1021 1022 1021 1022 

     Curvelet component of  
column density map (H2/cm2)   

1 

0.1 

    M
lin

e /
M

lin
e
,crit 
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Prestellar cores form out of a 
filamentary background 

1023 1021 1022 

       Aquila  NH2
 map (cm-2)   
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Aquila curvelet NH2
 map (cm-2)   

▵ : Prestellar cores - 80% found at Av(back) >7  ✫ : Class 0 protostars 

Ph. André -  ESLAB 2010  Herschel First Results - ESTEC – 4 May 2010 
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Only the densest filaments are gravitationally 
unstable and contain prestellar cores (▵) 

  The gravitational instability 
of filaments is controlled by the 
value of their mass per unit 
length Mline (cf. Ostriker 1964, 
Inutsuka & Miyama 1997):	


•  unstable if Mline > Mline, crit	


•  stable if Mline < Mline, crit	


•  Mline, crit = cs
2/G ~  15 M☉/pc 

for T = 10K	


  Simple estimate: 	

	
Mline∝ NH2 x Width 

Unstable filaments highlighted 
in white in the NH2 map	
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Aquila curvelet NH2
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André et al. 2010, A&A special issue 
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Polaris (d ~ 150 pc): Structure of the           
cold ISM prior to any star formation 

1020 1021 

Polaris curvelet NH2
 map (cm-2)   
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0.0
1 

0.5   Filaments are already 
widespread prior to star 
formation:	


  The maximum value of     
Mline/Mline, crit observed in the  
Polaris filaments is ~ 0.5	


  The Polaris filaments are 
gravitationally stable and unable 
to form prestellar cores and 
protostars at present 	


No prestellar cores 
(yet ?) in Polaris  

André et al. 2010, A&A special issue 
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Filaments permeate the ISM on all scales 

           Herschel  
         SPIRE 500 µm 
                   + 
        PACS 160/70 µm  

        Planck  
HFI 540/350 µm + IRAS 100 µm 

ESA and the Gould Belt KP ESA and the HFI Consortium 

Aquila 
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The Herschel ATLAS 

–  The widest area survey with 
Herschel (~ 550 sq deg) 

–  Consortium of 150+ astronomers 
worldwide led by Nottingham and 
Cardiff (Dunne, Eales) 

–  Covering 5 bands with PACS and 
SPIRE (110 – 500 microns) in fast 
parallel mode 

–  5 sigma sensitivities of 132, 126, 
33, 36 and 45 mJy / beam from 
110-500µm 

–  Detect ~105 sources to z~3  

Astrophysical Terahertz Large Area Survey 

3-col SPIRE H-ATLAS SDP field 
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NGP and Equatorial SGP 

Fields chosen to allow maximum overlap with existing and planned surveys 
GALEX, 2dF, SDSS, GAMA, UKIDSS, KIDS, VIKING, PanSTARRS, DES, SPT, SASSy 

and to be accessible to new facilities which will be valuable for follow-up 
           ALMA, SKA and prototypes, SCUBA2, LOFAR, e-MERLIN 

SD field 

The Herschel ATLAS - fields 
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Herschel ATLAS  
Science 
Demonstration 
Field 

4 x 4 degrees 

3% of final area 

Unbiased survey of 
dust in the local and  
distant Universe 

Samples peak of SED 
across z=0-2; good 
measure of LIR and 
dust mass 
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H-ATLAS:   6000 sources !! 
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Evolution of the 250 um Luminosity Function 

Dye et al, A&A special issue 

3 billion 
years ago 

2 billion 
years ago 

1 billion 
years ago 

Now 
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PACS Initial Results SDP Workshop Press Conference, 16-Dec-2009 250µm 

350µm 

500µm 

SPIRE 
250/350/500µm 
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PACS Initial Results SDP Workshop Press Conference, 16-Dec-2009 250µm 

350µm 

500µm 

PACS 
100µm + 160µm 

SPIRE 
250/350/500µm 
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PACS Initial Results SDP Workshop Press Conference, 16-Dec-2009 250µm 

350µm 

500µm 

PACS 
100µm + 160µm 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #69     6
9

PACS Initial Results SDP Workshop Press Conference, 16-Dec-2009 250µm 

350µm 

500µm 

PACS 
100µm + 160µm 

PACS 100µm 
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The deepest Herschel-PACS blank fields 
taken to date 

PEP GOODS-N 30h 
100+160µm during 
Science demonstration 
phase   ~300 sources 

PEP GOODS-S 
113+113h 
70+100+160µm 
~800 sources 
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From MIPS to PACS 

GOODS-S MIPS 160µm 
FIDEL team 
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From MIPS to PACS 

GOODS-S PACS 160µm 
PEP team 
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From MIPS to PACS 

GOODS-S PACS 160µm 
PEP team 

Preliminary! 
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From MIPS to PACS 

Resolving the CIRB 

PEP: 
•  100 & 160 µm: 45% & 52% 
•  Stacking of 24 µm sources 

50% &  75% 

HerMES: 
•  Confusion limited counts  

 250, 350, & 500 µm:  
 15%, 10%, 6% 

•  P(D)  
 250, 350, & 500 µm:
 65%, 60%, & 45% 
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VY Cma – evolved star 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #76     

VY Cma – evolved star 

Main results on VY CMa so far: 

-  400 out of 930 lines are water lines; ortho-to-para ratio is 1.3/1 

-  Other species detected: 18H2O, 12CO, 13CO, C17O, C18O, NH3, OH, 
SiO, HCN, CN, CS, SO, SiS, H3O+? 

-  High HCN and SiO abundances point to non-TE processes, with 
inner-wind pulsation-driven shocks as a possible explanation. 
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VY CMa 
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HIFI – Orion KL 

– Orion KL Spectrum: Most complete 
spectrum of molecular gas at high spectral 
resolution ever obtained. 

– ~100,000 lines 
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HIFI and Spectral Surveys 

– Orion KL Spectrum: Most complete 
spectrum of molecular gas at high spectral 
resolution ever obtained. 

– ~100,000 lines 
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HIFI and Spectral Surveys 

– Orion KL Spectrum: Most complete 
spectrum of molecular gas at high spectral 
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HIFI Orion KL Spectral Survey 

Orion KL Spectrum:  

– Most complete spectrum of molecular gas at 
high spectral resolution ever obtained 

– ~100,000 lines 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #83     

Seeing what nobody has seen before … 

Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #83 
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Mission (cryostat) lifetime 

Large uncertainties remain, but confidence in ≥ 3.5 years  
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Current AO – GT1 & OT1 

•  GT1 process 
•  31 March 2010 – 14 May2010 
•  About 550 hours 

•  OT1 process 
•  Offer 1 year of observations (6592 hours) 
•  Released: 20 May 2010 (large and ‘normal’ proposals) 
•  All information, documents, and tools on HSC website 
•  Submission deadline: 22 July 2010 at 12:00 (noon) UT 
•  Scientific (HOTAC) and technical (HSC) evaluation 
•  HOTAC meetings: 11-15 October 2010 
•  Announcement of successful proposals: 1 November 2010 
•  Final AOR updating by successful proposers in November 2010 

•  GT2 & OT2 
•  About a year later – exact dates (TBD) 



Göran Pilbratt | AAS#216 plenary presentation| Miami, FL | 26 May 2010 | vg #86     

AO content 

AO documention: 
•  Herschel Key Programme Announcement of Opportunity 
•  Executive Summary 
•  Policies and Procedures 
•  Herschel Observers' Manual 
•  HIFI Observers' Manual 
•  PACS Observers' Manual 
•  SPIRE Observers' Manual 
•  SPIRE/PACS Parallel Mode Observers’ Manual 

AO tools: 
•  HerschelFORM PDFLaTeX package 
•  Reserved Observations Search Tool & duplications policy 
•  HSpot Observing Planning Tool 

Plus: 
•  ESLAB presentations on HSC website & A&A papers on astro/ph! 
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FIRST proposal workshop May 1982 


