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Introduction to Herschel  
- Science synergy with ALMA 

Göran Pilbratt, Herschel Project Scientist 
ALMA-Herschel workshop, ESO, Garching, 15-17 April 2015 
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Large ‘warm’ telescope 
–  3.5 m diameter aperture 
–  collecting area and resolution 

‘New’ spectral window 
–  ~55-670 µm – bridging the far infrared 

& submillimetre – the ‘cool’ universe 

Novel instruments 
–  wide area mapping in 6 ‘colours’ 
–  imaging spectroscopy 
–  very high resolution heterodyne 

spectroscopy 

Science: the ‘cool’ universe 
–  star formation & evolution near & far 
–  galaxy evolution over cosmic time 
–  ISM physics/chemistry 
–  our own solar system & IR excess 
–  provide 3 years of routine observing 

Herschel in a nutshell 
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Fairing integration on 10 May 2009 
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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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Launch on 14 May 2009 … 
 … sneak preview on 14-15 June 2009 

  … end of helium on 29 April 2013 
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Launch on 14 May 2009 … 
 … sneak preview on 14-15 June 2009 

 
 … last telecommand on 17 June 2013 

  … satellite now in “parking” orbit 
 

 … end of helium on 29 April 2013 
 

 … mission in post-operations phase until end 2017 
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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 

http://www.cosmos.esa.int/web/herschel/science-archive 
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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 

http://www.cosmos.esa.int/web/herschel/science-archive 
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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 ‘reimbursed’ SDP time) 

http://www.cosmos.esa.int/web/herschel/science-archive 
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Herschel Science Archive 
All science data are public! 

Data products 
 

•  Pipeline (SPG) products – processing levels 0 - 3 
•  User Provided Data Products (UPDPs) – provided ‘as is’ 
•  + (future) Highly Processed Data Products – ‘certified’ 
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Herschel Science Archive 
All science data are public! 

Data products 
 

•  Pipeline (SPG) products – processing levels 0 - 3 
•  User Provided Data Products (UPDPs) – provided ‘as is’ 
•  + (future) Expert Provided Data Products 

http://www.cosmos.esa.int/web/herschel/user-provided-data-products 
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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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Evolution of the 250 um Luminosity Function 

3 billion 
years ago 
 
2 billion 
years ago 
 
1 billion 
years ago 
 
Now 

Dye et al. 2010  
A&A 518, L10 (Special Issue) 
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Evolution of the 250 um Luminosity Function 

3 billion 
years ago 
 
2 billion 
years ago 
 
1 billion 
years ago 
 
Now 

Dye et al. 2010  
A&A 518, L10 (Special Issue) 

 
ALMA can/could e.g.: 
 

•  extend wavelength coverage 
•  resolve sources 
•  obtain redshifts (lines) 
•  explore ISM in lines (dep on z) 
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Total IR LF from four PEP fields 

Gruppioni et al. 2013  
MNRAS 432, 23 

Need to consider different classes of galaxies! 
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Merger of two SMGs, S850 ~20 mJy, 
separation 19 +/- 4 kpc 

HXMM01 – massive merger at z=2.3 

Fu et al. 2013 

Mol gas mass (23 +/- 6)x 1010Msun 
SFR  2000 +/- 400  Msun/yr 

!
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Roberto Decarli 

Arp 220 SED at  

SPIRE bands: 
250, 350, 500 µm 
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Apollo 8 

IO9.com 
Riechers et al. 2013 
Nature 496, 329 

12 mJy 

32 mJy 

47 mJy 

!
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Apollo 8 

IO9.com 
Riechers et al. 2013 
Nature 496, 329 

HFLS3: a super-starburst at z=6.34 
 

•  SFR ~2900 Msun/yr (1000-5000 dep on IMF) 
•  ~880 Myr after the Big Bang 
•  A challenge for galaxy formation theories  

•  LFIR                ~16*A220  & ~2600*MW 
•  SFR               ~16*A220  & ~2200*MW 
•  Mstar                ~1*A220  &    ~0.5*MW 
•  Mgas               ~20*A220  &     ~40*MW 
•  Mdust              ~13*A220  &     ~22*MW 
•  Mdust/Mgas         ~0.6*A220  &    ~0.5*MW 

12 mJy 

32 mJy 

47 mJy 
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Apollo 8 

Riechers et al. 2013 
Nature 496, 329 

HFLS3 extreme but not unique! 
 

•  ‘Red’ SPIRE sources in HerMES SDP fields 
•  HFLS3 was an initial success 
•  38 candidates in 21 deg2 – 4  out 5 studied have z>4 
•  Estimated source density of z>4 sources ~2 deg-2 

•  Much higher than predicted by current galaxy 
evolution models – population extends to higher z 
than believed? 

                                                                      Darren Dowell et al. 2014, ApJ 780 ,75 
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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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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) 

 
ALMA can/could: 
 

•  determine kinematics for a wider 
and larger sample of galaxies 
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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  
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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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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 

 
ALMA is: 
 

•  ideally suited to explore the GC! 
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Herschel: filaments everywhere … 

Arzoumanian et al. 2011 
A&A 529, L6 
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MCs… 

Arzoumanian et al., A&A 529, L6, 2011 Hennemann et al. 2012 
A&A 543, L2 
Hennemann et al. 
2012; A&A 543, L3 Hill et al. 2012; 

A&A 542, A114 
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MCs… 

Arzoumanian et al., A&A 529, L6, 2011 Hennemann et al. 2012 
A&A 543, L2 
Hennemann et al. 
2012; A&A 543, L3 Hill et al. 2012; 

A&A 542, A114 
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•  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 



Göran Pilbratt | ESO, Garching | 15 Apr 2015 | vg #34 

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 (soon) 
•  Almost 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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Orion region – Betelgeuse 
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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 

In excess of 150 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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Arzoumanian et al., A&A 529, L6, 2011 Hennemann et al. 2012 

Comet SL9 Jupiter impact in July 1994 

Herschel water observations  => 
•  PACS provides extent across disc  
•  HIFI provides vertical (pressure) profile 
•  ‘All’ water high in the stratosphere – well 

above tropospheric cold trap => external 
•  Asymmetry between hemispheres suggest 

single event – rules out moons / icy rings 
•  The observed water originates from the 

July 1994 SL9 impacts! Cavalié et al. 2013 
A&A 553, A21 
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Water on dwarf planet (1) Ceres 

Küppers et al. 2014; Nature 505, 525 

 

•  Water in the asteroid belt! 

•  Four epochs of observations 
•  On last occasion monitoring for 

entire Ceres revolution => 
‘resolve’ surface features 

•  Source of water expected 
connected to two surface 
features 

•  For each source:  Q(H2O) =  
1026 mol/s (3 kg/s continuously) 

•  Corresponds to ~0.6 km2  of ice 
at the surface => 10-7 of Ceres 
surface and 10-5 of source 
regions 
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TNOs – becoming living worlds? 

Bbbvb 
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http://www.cosmos.esa.int/web/herschel/the-universe-explored-by-herschel 
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#Pubs vs #calendar years after launch 

Projection: 
2015 ~ 2014 

http://www.cosmos.esa.int/web/herschel/scientific-publications 
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Herschel science workshop 2013 

Photo: Herschel ESLAB workshop May 2010 
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Pubs evolution vs instr – 1363 pubs 

HOTAC awarded time published – total ~49% 
•  Pubs ‘linked’ to OBSIDs – add up the observing times of all ‘linked’ observations 

•  SDP obs Nov-Dec 2009, KP early 2010-, AO1 early 2011-, AO2 early 2012- 
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Pubs evolution vs instr – 1363 pubs 

HOTAC awarded time published – total ~49% 
•  Pubs ‘linked’ to OBSIDs – add up the observing times of all ‘linked’ observations 

•  SDP obs Nov-Dec 2009, KP early 2010-, AO1 early 2011-, AO2 early 2012- 
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Publication 
– based on 1363 papers – 12 April 2015 

ADS searches 
 

•  Demand both ‘Herschel’ & ‘X’ in abstract 
•  Publication dates from 07/2010 onwards 
•  Articles only in refereed journals/ All  
•  Herschel & ALMA:                     55/233 
•  Herschel & SOFIA:                      15/98 
•  Herschel & ISO:                           33/88 
•  Herschel & Spitzer:                 331/881 
•  Herschel & AKARI:                      15/40 
•  Herschel & XMM:                         16/48 
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THANK 
YOU !... 


