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SOFIA Science Synergy 
- Herschel as a resource and inspiration 

Göran Pilbratt, Herschel Project Scientist 
SOFIA workshop, Schloß Ringberg, 15-18 March 2015 
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Preliminary sky coverage 

  

 Main science areas 

Formation of stars and planets 
•  Formation of massive stars 
•  Proto-planetary disks 
•  Astrochemistry in SF regions 

ISM of the Milky Way 
•  Massive stars & PDRs 
•  Diversity & origin of dust – Evolved 

star contributions 
•  Role of large complex molecules – 

Identifications of PAHs 
•  Deuterium – Constraints from HD 

Galaxies & Galactic Centre 
•  GC – Warm clouds 
•  ISM & SF history of galaxies 
•  Tracing SF history of the universe 

with FIR fine-structure lines 

Planetary science 
•  Primitive bodies 
•  Extrasolar planetary material 
•  Giant planets, Venus, Titan 
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Cooldown – telescope, LOU, & CVV  
Herschel Post Launch transient - CVV - LOU-Telescope
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3-band camera 
250 + 350 + 500 µm 
4 x 8 arcmin FOV 
 

Imaging FT spectrometer 
194 - 671 µm (simultaneously) 
λ/Δλ = 1300 – 370 (high-res) 
      = 60 – 20 (low-res) 

3-band camera 
70 or 100 + 160 µm 
1.75 x 3.5 arcmin FOV 
 

Imaging grating spectrometer 
55 - 210 µm  (3 orders) 
λ/Δλ = 1000 – 4000 

7-channel heterodyne receiver 
480 - 1250 GHz (625 - 240 µm)   
1410 - 1910 GHz (212 - 157 µm)  
λ/Δλ = 105-106 w. BW = 4 GHz 

Herschel – the science instruments 
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Fairing integration on 10 May 2009 
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Scheduling movie… 

I was using the final version with the original 
music:  

HerschelTheMovieOriginalMusicFinal.mp4 

Public versions – without music or with 
alternative music - can also be found on: 

…/BuildingBlocks/Herschel_Movies 
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Preliminary sky coverage 

Totals  (uncert +/- 5%) 
 

•  S/P parallel     6.44 
•  PACS phot   0.67 
•  SPIRE phot  2.28 
•  PACS spec           <0.01 
•  SPIRE spec          <0.01 
•  HIFI   0.06 
•  Total Herschel  9.45 

These numbers are %-ages of the  
entire sky (~41,000 sq deg) 

Herschel has observed almost 
1/10 of the entire sky! 

By performing ~23,400 hr of 
HOTAC approved observing! 
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Herschel Science Archive 
All science data are public! 

Observing statistics 
 

•  Total successful HOTAC allocated       ~23400 hr  ~37,000 AORs 
•  + Routine science calibration                  ~2600 hr    ~6600 AORs 
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Herschel Science Archive 
All science data are public! 

Observing statistics 
 

•  Total successful HOTAC allocated       ~23400 hr  ~37,000 AORs 
•  + Routine science calibration                  ~2600 hr    ~6600 AORs 

Science categories (HOTAC allocations) 
 

•  Galaxies/AGNs                         6503 hr   28% 
•  Cosmology                               5074 hr   22% 
•  ISM/SF                                       9044 hr   39% 
•  SSO                                             956 hr     4% 
•  Stars/SE                                    1899 hr     8% 
•  Total                                        23476 hr 
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Herschel Science Archive 
All science data are public! 

Observing statistics 
 

•  Total successful HOTAC allocated       ~23400 hr  ~37,000 AORs 
•  + Routine science calibration                  ~2600 hr    ~6600 AORs 

Charged to observers 
 

Photometry  (hours)            Spectroscopy (hours) 
 

PACS-P        6116.54            PACS-S           5458.90 
SPIRE-P       1686.27            SPIRE-S          1693.47 
SPParallel    3025.51            HIFI                 4865.61 
Total-P        10828.32            Total-S          12017.98 
 

Total-P+S    22846.30   (excl ‘free’ SDP time) 
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1998 
SCUBA HDF: 
5 sources after 20 
exceptional nights  

~3 arcmin 

4 x 40 

2009 
Herschel-ATLAS SDP field:  
~7,000 sources in 16 hours 
3% of total => 235,000 ! 
Before Herschel ~2,000 SMGs 

Submm Galaxies - SMGs  
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S0901 -  
 

•  Serendipitous detection of 
36ArH+ J=1-0 and J=2-1 lines in 
the Crab Nebula 

•  First detection of noble gas 
molecule in space  

•  36Ar isotope expected from 
explosive nucleosynthesis in 
core-collapse SN of 8-16 Msun 
star  

•  Smoking gun providing 
support for Crab Nebula as SN 
remnant 

Kinematically mature z=2.26 galaxy 

Rhoads et al. 2014, ApJ 787, 8 

 SDSS090122.37+181432.3 (S0901) C+, obs in band 1b, total 3000 s, 885 s onsource) 
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Herschel infr^red G^l^ctic Pl^ne Survey 

I was using the Hi-GAL movie:  

Hi-Gal_movie.mp4 (19 Oct 2012 17:55) 

Hi-Gal 

Tow^rd ^ Predictive Glob^l Model of G^l^ctic St^r Form^tion 

Hi-G@L Te^m & ES@ Herschel 70-160-350 µm composite Molin^ri et ^l. 2010 

Herschel infr^red G^l^ctic Pl^ne Survey 

Open Time KP for a simultaneous 70-160-250-350-500 µm continuum mapping of the entire 
Galactic Plane (|b|≤1° following the warp) for a total area of 720 square degrees and 900 hours 
observing time to deliver a Galaxy-wide Census, Luminosity, Mass and SED of dust structures at 

all scales from massive YSOs to full Spiral Arms  



Göran Pilbratt | SOFIA, Schloß Ringberg | 18 Mar 2015 | vg #15 Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #15 



Göran Pilbratt | SOFIA, Schloß Ringberg | 18 Mar 2015 | vg #16 Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | vg #16 

•  14+4 OBSIDs, 49+14 hr 
•  Most observed Mar-Apr 2010 
•  Δν=1.1 MHz, ~0.2-0.7 km/s 
•  rms ~20-800 mK 
•  13,000 identified lines, ≳3σ	

•  39 molecules, 79 isotopologues 
•  ~12% U-lines 

  Crockett et al. 2014, ApJ 787, 112 
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Herschel/HIFI spectral scans 

HIFI “full” range spectral scans 
Star formation 
•  Orion KL, SgrB2(M) and (N), Orion South, Orion Bar (HEXOS - TB) 
•  NGC6334I, OMC-2 FIR4, IRAS16293, L1544, AFGL2591 (CHESS - CC) 
•  SgrA* (OT) – bands 1-5 

Stellar evolution 
•  IRC+10216, VYCMa (JC) 
•  IK Tau (calibration) 
•  II Lup (OT)  - bands 1-4 
•  OH231.8 (OT) – bands 1-5 

Solar system 
•  Mars (HSSO - PH) – bands 1-6 
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Herschel/HIFI spectral scans 

HIFI “full” range spectral scans 
Star formation 
•  Orion KL, SgrB2(M) and (N), Orion South, Orion Bar (HEXOS - TB) 
•  NGC6334I, OMC-2 FIR4, IRAS16293, L1544, AFGL2591 (CHESS - CC) 
•  SgrA* (OT) – bands 1-5 

Stellar evolution 
•  IRC+10216, VYCMa (JC) 
•  IK Tau (calibration) 
•  II Lup (OT)  - bands 1-4 
•  OH231.8 (OT) – bands 1-5 

Solar system 
•  Mars (HSSO - PH) – bands 1-6 
 

  

 17 targets 

Data reduction intensive 
•  HIPE 13 out of the box 
•  Not quite there 
•  Expert Reduced Data underway 
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HIFI spectral scans: Orion KL 

Data reduction courtesy of D Teyssier, HSC 
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HIFI spectral scans: SgrB2(M) 

Data reduction courtesy of D Teyssier, HSC 
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Evolved stars - spectroscopy 

APEX 

→ 12 molecular line transitions: ~40 hr  

Decin et al. 2010, A&A 516, A69 

12CO & 13CO line profiles of IK Tau by OSO, 
IRAM, JCMT, & APEX  
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Evolved stars - spectroscopy 

APEX 

→ 12 molecular line transitions: ~40 hr  

Decin et al. 2010, A&A 516, A69 

55-210 um PACS spectral scan of VY CMa 

→ 930 molecular line transitions: 2 hr  
    

Herschel 

From ground-based 10-5000 m altitudes to space, 
with from 12-30 m telescopes to a 3.5 m telescope 

Royer et al. 2010, A&A 518, L145 
12CO & 13CO line profiles of IK Tau by OSO, 
IRAM, JCMT, & APEX  
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Herschel/PACS spectral scans 

Well in excess of 100 targets! (…and incomplete) 
Star formation 
•  HOPS (KPOT - T Megeath) Orion protostars & PBRs:                  30+8  
•  HOBYS (KPGT - F Motte) high-mass SF:                                     ~12 
•  DIGIT (KPOT - N Evans) envelopes to disks:                               ~25 
•  Disk Evol (KPGT - G Olofsson) debris disk beta Pic:                         1  

Stellar evolution 
•  MESS (KPOT - M Groenewegen)  evolved stars:                          ~55   
•  (OT1 - T Ueta) planetary nebulae:                                             ~12 
•  (OT1 – R Rubin) planetary nebulae:                                            ~5  

Galactic 
•  WADI (KPGT - V Ossenkopf) PDRs                                                                 ~4 

Galaxies 
•  R Güsten (CenA, NGC253)                       2 
•  E Sturm & J Fischer (M82, NGC1068, NGC4945, Arp220, NGC4418, NGC6240, Mrk231)       7 

  

SPIRE-FTS – always spectral scan! 
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Herschel/PACS spectral scans 

Well in excess of 100 targets! (…and incomplete) 
Star formation 
•  HOPS (KPOT - T Megeath) Orion protostars & PBRs:                  30+8  
•  HOBYS (KPGT - F Motte) high-mass SF:                                     ~12 
•  DIGIT (KPOT - N Evans) envelopes to disks:                               ~25 
•  Disk Evol (KPGT - G Olofsson) debris disk beta Pic:                         1  

Stellar evolution 
•  MESS (KPOT - M Groenewegen)  evolved stars:                          ~55   
•  (OT1 - T Ueta) planetary nebulae:                                             ~12 
•  (OT1 – R Rubin) planetary nebulae:                                            ~5  

Galactic 
•  WADI (KPGT - V Ossenkopf) PDRs                                                                 ~4 

Galaxies 
•  R Güsten (CenA & NGC253)                                                                    2 
•  E Sturm & J Fischer (M82, NGC1068, NGC4945, Arp220, NGC4418, NGC6240, & Mrk231)      7 
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11 LOS 
11 LOS 

6 LOS 

7 LOS 

11 LOS 
10 LOS 

7 LOS 

6 LOS 

Pineda et al. 2013 
A&A 554, A103 

GOT C+ (158 um) HIFI galactic survey 

~500 LOS covering the Galaxy 
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Pineda et al. 2013 
A&A 554, A103 

Full PACS/SPIRE spectral survey of Sgr A* 

Goicoechea et al. 2013; ApJL 769, L13 

Separating central cavity gas 
from circumnuclear disk at FIR 
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#Pubs vs calendar yr after launch 

Projection: 
2014 ~ 2013 
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#Pubs vs calendar yr after launch 

Projection: 
2014 ~ 2013 
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Publication evolution - AOs 

Awarded time published (Nov 2014 ~1150 papers) ~45% (now 49%) 
•  Each publication is ‘linked’ to its observations (OBSIDs) 
•  Add up the observing times of all ‘linked’ observations 
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Publication evolution – (sub)instrumts 

•  SDP Nov-Dec 2009, KP early 2010-, AO1 early 2011-, AO2 early 2012- 
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Herschel-SOFIA Synergy 

ADS searches (last Friday) – 1338 papers 
 

•  Demand both ‘Herschel’ & ‘SOFIA’ in abstract 
•  Publication dates from 07/2010 onwards 
•  Articles only in refereed journals:  14 
•  All bibliographic sources:               94 
 



Göran Pilbratt | SOFIA, Schloß Ringberg | 18 Mar 2015 | vg #33 

Herschel-SOFIA Synergy 

ADS searches (last Friday) – 1338 papers 
 

•  Demand both ‘Herschel’ & ‘SOFIA’ in abstract 
•  Publication dates from 07/2010 onwards 
•  Articles only in refereed journals:  14 
•  All bibliographic sources:               94 
•  Replace SOFIA by ALMA:         54/195 
•  Replace SOFIA by ISO:               33/74 
•  Replace SOFIA by Spitzer:     325/760 
•  Replace SOFIA by XMM:             14/42 
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Herschel science workshop 2013 

Photo: Herschel ESLAB workshop May 2010 
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Thoughts on SOFIA–Herschel synergy 

Observing 
•  Herschel has performed ~23,500 hr of science observing – but no more! 
•  SOFIA has performed ~400 hr of science observing (up to Cycle 3) 
•  SOFIA is observing Cycle 3 now, and will be observing for years to come 
•  SOFIA has a “wider-scope” observing capability than Herschel had  
•  SOFIA is constantly improving its instruments – and getting new ones 
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Thoughts on SOFIA–Herschel synergy 

Observing 
•  Herschel has performed ~23,500 hr of science observing – but no more! 
•  SOFIA has performed ~400 hr of science observing (up to Cycle 3) 
•  SOFIA is observing Cycle 3 now, and will be observing for years to come 
•  SOFIA has a “wider-scope” observing capability than Herschel had  
•  SOFIA is constantly improving its instruments – and getting new ones 
Herschel data as a resource 
•  “Backwards”. For “existing” SOFIA observing, check if Herschel adds  
•  Remember that although Herschel has observed but a fraction of the sky 

many of the “obvious” targets (per “class”) and fields have been observed 
•  Don’t spend precious SOFIA time if ground-based/archive data suffice 
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Thoughts on SOFIA–Herschel synergy 

Observing 
•  Herschel has performed ~23,500 hr of science observing – but no more! 
•  SOFIA has performed ~400 hr of science observing (up to Cycle 3) 
•  SOFIA is observing Cycle 3 now, and will be observing for years to come 
•  SOFIA has a “wider-scope” observing capability than Herschel had  
•  SOFIA is constantly improving its instruments – and getting new ones 
Herschel data as a resource 
•  “Backwards”. For “existing” SOFIA observing, check if Herschel adds  
•  Remember that although Herschel has observed but a fraction of the sky 

many of the “obvious” targets (per “class”) and fields have been observed 
•  Don’t spend precious SOFIA time if ground-based/archive data suffice 

Herschel yes – but don’t forget Planck and AKARI 
•  Planck:  

•  9 all-sky surveys covering 30-900 GHz, two highest = SPIRE 350 & 500 um 
•  AKARI: 

•  2 all-sky MIR surveys & 4 all-sky FIR surveys 
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Thoughts on SOFIA–Herschel synergy 

Observing 
•  Herschel has performed ~23,500 hr of science observing – but no more! 
•  SOFIA has performed ~400 hr of science observing (up to Cycle 3) 
•  SOFIA is observing Cycle 3 now, and will be observing for years to come 
•  SOFIA has a “wider-scope” observing capability than Herschel had  
•  SOFIA is constantly improving its instruments – and getting new ones 
Herschel data as a resource – & Planck & AKARI 
•  “Backwards”. For “existing” SOFIA observing, check if Herschel adds  
•  Remember that although Herschel has observed but a fraction of the sky 

many of the “obvious” targets (per “class”) and fields have been observed 
•  Don’t spend precious SOFIA time if ground-based/archive data suffice 
•  “Forwards”. Get inspired by Herschel, and dream up SOFIA projects 
•  Use SOFIA to do what Herschel did not – or could not – do: e.g. 

wavelength coverage, sky coverage, monitoring, targets of opportunity 
•  Use SOFIA to do better than Herschel could, e.g. C+ (158 um), HD (112 

um) [OI] 63 um with upGREAT  &  FIFI-LS spectral mapping 
•  Not spectroscopy: I hear rumours about polarimetry! (HAWCpol?) 
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Herschel: filaments everywhere … 

Arzoumanian et al. 2011 
A&A 529, L6 
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ALMA-Herschel archival/synergy wkshop 
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ALMA-Herschel archival/synergy wkshop 
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Thoughts on SOFIA–Herschel synergy 

Observing 
•  Herschel has performed ~23,500 hr of science observing – but no more! The sky is not the limit… 
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THANK 
YOU !... 


