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Herschel in a nutshell

Large ‘warm’ telescope
- 3.5 m diameter aperture
- collecting area and resolution

‘New’ spectral window

- ~55-670 um - 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
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Herschel - the science instruments {cesa

3-band camera

/-channel heterodyne receiver

480 - 1250 GHz (625 - 240 um)
1410 - 1910 GHz (212 - 157 um)

250 + 350 + 500 um

MAN = 10°-10°% w. BW = 4 GHz

4 x 8 arcmin FOV f'a; ﬁ <
3: -

Imaging FT spectrometer

194 - 671 um (simultaneously)

MAN = 1300 — 370 (high-res)
=60 — 20 (low-res)

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

Imaging grating spectrometer
55 - 210 um (3 orders)
AMAA = 1000 — 4000




Launch on 14 May 2009 ...
... sheak preview on 14-15 June 2009
... end of helium on 29 April 2013




Launch on 14 May 2009 ...
... sheak preview on 14-15 June 2009
... end of helium on 29 April 2013
... last telecommand on 17 June 2013
... satellite now in “parking” orbit
... mission in post-operations phase until end 2017




Mission incredible!
OD: 2
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Totals (uncert +/- 5%)

N

« 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 deqg)

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

By performing ~23,400 hr of
HOTAC approved observing!

HERSCHEL &scrvarory

Goran Pilbratt | ESO, Garching | 15 Apr 2015 | vg #8
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Main Query Panel

Observation Id (@ Obs. List@ | | m

Observing statistics
g

Proprietary

E:!?;‘E * Total successful HOTAC allocated ~23400 hr ~37,000 AORs | .
““l+ + Routine science calibration ~2600 hr  ~6600 AORS |y

Instruments Query Panel

Instrument (i Obs. Type: @ [¥] standard Data

i HIF1 PACS ', SPIRE | SPIREPACS ',
HIFI Single Point Pacs Photometer Photometer Parallel Mode
PACS Mapping Range Spectroscopy Spectrometer

SPIRE Spectral Scan Line Spectroscopy

SPIREPACS

W @ @ @
Instruments Advanced Query Panel

H

User Provided Data Products Panel (UPDP)
Proposal Query Panel

Pipeline Processing Query Panel

HH

Timing Constraints Query Panel

ey P Ger

(Log Console # & http://www.cosmos.esa.int/web/herschel/science-archive
& gpilbrat has logged in at 11:37:10 1 g=esa




Main Query Panel

Observation Id@ [ | Obs. Listw | [ Choose |
Observing statistics
g

= e Total successful HOTAC allocated ~23400 hr ~37,000 AORS | .

"+ + Routine science calibration ~2600 hr  ~6600 AORS |...oc

w— ™ | Science categories (HOTAC allocations)
srencs | e Galaxies/AGNs 6503 hr 28%

)« Cosmology 5074 hr 22% )
|+ ISMUSF 9044 hr 39%

- SSO 956 hr 4%
Pi-pe-line Process_ing Query Panel o St ars IS E 1 899 h r 8%
: B « Total 23476 hr

Log Console # & x| http://www.cosmos.esa.int/web/herschel/science-archive
& gpilbrat has logged in at 11:37:10 [ g-esa




HSA Science Archive v6.2

HERSCHEL gosa ‘g“v -

Observation Id@ [ | Obs. List@ | NChoose |
Observing statistics
*1« Total successful HOTAC allocated ~23400 hr ~37,000 AORs | ...
“|* + Routine science calibration ~2600 hr ~6600 AORs |
BT e Y
[ —— Charged to observers
ws | | Photometry (hours) Spectroscopy (hours)
| PACS-P 6116.54 PACS-S 5458.90
Instruments Advanced Query Pane —
_ SPIRE-P 1686.27 SPIRE-S 1693.47
SPParallel 3025.51 HIFI 4865.61
Total-P 10828.32 Total-S 12017.98
T Total-P+S  22846.30 (excl ‘reimbursed’ SDP time)

Log Console  # & x_ http://www.cosmos.esa.int/web/herschel/science-archive
& gpilbrat has logged in at 11:37:10 1 g-esa
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File View Windows Account Tools Help
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Main Query Panel

Observation Id D ata p rOd u cts

Proprietary Status

- Pipeline (SPG) products — processing levels 0 - 3

Target | Multiple

e |?l e User Provided Data Products (UPDPs) — provided ‘as is’ B
L  + (future) Highly Processed Data Products - ‘certified’ )

/i ) BOX

»

Instruments Query Panel

Instrument (i Obs. Type: @ [v¥] standard Data
o HIFLY, PACS ', SPIRE ', SPIREPACS ',
HIFI Single Point Pacs Photometer Photometer Parallel Mode
PACS Mapping Range Spectroscopy Spectrometer
SPIRE Spectral Scan Line Spectroscopy
SPIREPACS
@ @ @ @

«

Instruments Advanced Query Panel

»

User Provided Data Products Panel (UPDP)

UPDP ' Search UPDP ',
@ 2013-09-09 [] ACMC: The Auriga-California Molecular Cloud - PACS and SPIRE Data Atlas

@ 2013-10-10 [[] COLDCORES: Galactic Cold Cores: A Herschel survey of the source p opulations revealed by Planck
@ 2013-10-10 [[] DUNES: PACS and SPIRE Observations of Cold Disks around Nearby Stars
@ 2014-07-10 [[] GOODS: PACS and SPIRE images of the GOODS fields and associated source catalogs

LD 2014-05-02 [1GOT CPlus- Galactic Observations of Terahertz ClI

& gpilbrat has logged in at 11:37:10 [ 1 (-esa|
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Clouds )
ss:el:ternscnay oaes data) PEP public dat
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- HerMES HerMES Data = Bhvg
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VNGS Data 5' around
VNGS Release release (SPIRE GIK evolved stars
Physical note (SPIRE cata) and o
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Galaxies note (PACS VNGS Data Herschel - B
Spec data) release j& »os L (GOODS)
- 3 —
State of the 4 Herschel M33
Oiffuse I / extenced
" survey -
Gpta = P GOT CPlus Data Deda e @l ves SPIRE Date Xilouris et al.
KPOT_wilaggergs N - GOT CPlus N [07-Feb-2014] 2012
Release Note Langer et al. Herschel M33
ershertz CII Fosesres 2014 POT_ckramed1 extences e SublicD Boquien et 2-Mar-2012 YES
Line (GOT K T_ckramed1_1 survey lermesPublicData al. 2011 [2-Mar-. 1
CPius) (HerM33es) HerM33es:
Herschel M33 Kramer et al.
extended 2010
Evolution of Herschel 1DOC Related survey - PACS
KPGT_sabergel 1 interstellar Release Note Database A [18-Nov-2013] NG Daka Producks
du=t (HESICO) Fubicetons Delivery
User's Guide
Key Insights Data
on Nearby The Herschel Reduction for .
KINGFISH . - . N The first HeVICS
Galaxies: a KINGFISH Data . Virgo Cluster HEVICS Public The HeVICS
Data Products a * -Oct- KPOT_jdavie01_1 - public data 2-Sep-2011 NO
KPOT_rkennicu_1 Far Infrared :Jd _.P 'dl‘fc‘i Products (DR3) Fenn skt (21-0ct-2013) YES o Survey Data Release release papers ( ]
Survey with o -er;,} - DR3 repository al2oiz (HeViCS) of 2 Scan
User's Guide Dach
Herschel -
{(KINGFISH)
PACS maps
(Ibar et al
Galactic Cold 2010)
Cones: A First data H-ATLAS SDP (s::ki’:‘:‘:‘
Hers I sc
(el Juvela et al. KPOY_seales01_2 H-ATLAS Telesse of the images and files al. 2010) [24-0ct-2010) [
KPOT_mijuvela_1 survey of the ColdCares ColdCores Data 2 [1-Oct-2013] YES Herschel H-ATLAS SDP S-band
i J source Release ! Repository - ATLAS catalogue Py
populations catalogue

revealed by
Planck

(Rigby et al.
2010)
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SCUBA HDF:

5 sources after 20
exceptional nights

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

~3 arcmin
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Evolution of the 250 um Luminosity Function ‘\\k\ cesa
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Evolution of the 250 um Luminosity Function “\&@.—%esa
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Total IR LF from four PEP fields {=esa
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Merger of two SMGs, Sg;, ~20 mJy,

separation 19 +/- 4 kpc
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3 a super-starburst at z 6.34-

~2900 Msun/yr

: 80 Myr after the

Riechers e

Nature 496
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HFLS3 extreme butnot umque!

. ‘Red’ SPIRE sources |n HerMES SDP flelds .
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Kinematically mature z=2.26 galaxy  {:cesa
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Kinematically mature z=2.26 galaxy Q“ €Sa

C+, obs in band 1b, totaE 3000 s, 885 s onsource) SDSS090122.37+181432.3 (S50901)
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Hi-Gal

Herschel infrared Galactic Plane Survey

. ' . : ':" & 4 ' . ¥
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Hi-GAL Team & ESA Herschel 70-160-350 um composite Molinari et al. 2010

Toward a Predictive Global Model of Galactic Star Formation
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(d) I'OIJ63'LLm F,—F,=[-200,+3100] Jy/spaxel
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Herschel reveals | 105146
a “universal” filamentary
structure in the cold ISM

Peretto + 2012

Polaris
Taurus

‘ .
4 : -~ '
o , .
- L
. {
. Palmeirim + 2013 Ward-Thompsongh2010
Kirk + 2013 Miville-Deschénes = 2010 ' Koényves + 2010

Ph. André — Protostars & Planets VI — 15/07/2013




AFGL 2636

Hennemann et al.
2012; A&A 543, L3

Cygnus OB2

= Whole sample
M16-N

= Pillars of Creation
Spire

== MYSO

= M16-E

5 10+28

Column density (cm=2)

Creation

Hill et al. 2012;
A&A 542, A114




AFGL 2636

— Whole sample
M16-N

= Pillars of Creation

Polarization prospects with ALMA: e
- an unprecedented view of - I
- magnetic fields |

Felipe Alves

~ German ALMA Regional Center |
' Argelander-Institut fur Astronomie
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Hennemann et al. ot SR, .
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- Hydrogen Sulphide . :
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HIFI Spectrum of Water and © ESA, HEXOS and the HIFI consortium
Organics in the Orion Nebula E. Bergin




' RS =88 =1 °* B
14+4 OBSIDs, 49+14 hr
Most observed Mar-Apr 2010
Av=1.1 MHz, ~0.2-0.7 km/s
rms ~20-800 mi(
13,000 identified Iinei, 230
39 molecules, 79 isotopolocg
~129% U-lines

Crockett et all. 2014, ApJ 187, 11
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HIFI Spectrum of Water and © ESA, HEXOS and the HIFI consortium
Organics in the Orion Nebula E. Bergin




Herschel/HIFI spectral scans

HIFI “full” range spectral scans

Star formation

« Orion KL, SgrB2(M) and (N), Orion South, Orion Bar (HEXOS - TB)

« NGC63341, OMC-2 FIR4, IRAS16293, L1544, AFGL2591 (CHESS - CC)
 SgrA* (OT) — bands 1-5

Stellar evolution
 |RC+10216, VYCMa (JC)
» |K Tau (calibration)

|l 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)
« NGC6334l, OMC-2 FIR4, IRAS16293, L1544, AFGL2591 (CHESS - CC)

 SgrA* (OT) — bands 1-5

Stellar evolution
 |RC+10216, VYCMa (JC)
» |K Tau (calibration)

|l 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

Orion KL - HIFI
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Orion region — Betelgeuse




Evolved stars - spectroscopy

— 12 molecular line transitions: ~40 hr

12C160(1-0) (0S0)

12C160(1-0) (IRAM)

12C160(2—1) (JCMT)

12C160(2—1) (IRAM)
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12CO & BCO line profiles of IK Tau by OSO,
IRAM, JCMT, & APEX

Decin et al. 2010, A&A 516, A69
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Evolved stars - spectroscopy

— 12 molecular line transitions: ~40 hr

12C160(1-0) (0S0)

12C160(1-0) (IRAM)

12C160(2—1) (JCMT)
4

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

12C160(2—1) (IRAM)
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12CO & BCO line profiles of IK Tau by OSO,
IRAM, JCMT, & APEX

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

Herschel

— 930 molecular line transitions: 2 hr
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1FTS — always spectral scan!
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s

Herschel /PACS spectral scans \\\&\@esa

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 Gusten (cena & NGC253) 2
e E Sturm & J Fischer (M82, NGC1068, NGC4945, Arp220, NGC4418, NGC6240, & Mrk231) 7
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Comet SL9 Jupiter impact in July

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! | WA oo roi




Water on dwarf planet (1) Ceres

e Water in the asteroid belt!

<
o

* Four epochs of observations

« On last occasion monitoring for
entire Ceres revolution =>
‘resolve’ surface features

» Source of water expected
connected to two surface
features

|
=
5)

* For each source: Q(H,0) =
1026 mol/s (3 kg/s continuously)

« Corresponds to ~0.6 km? of ice
at the surface => 107 of Ceres
surface and 10-° of source
regions

Latitude (°) Line/continuum intensity (km s™')

B BS O

60 120 180 240 300 360
Planetocentric longitude (°)

o

Kuppers et al. 2014; Nature 505, 525
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#Pubs vs #calendar years after launch {zesa
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Pubs evolution vs instr — 1363 pubs  {esa

HOTAC awarded time published - total ~49%
« Pubs ‘linked’ to OBSIDs - add up the observing times of all ‘linked’ observations Q
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2010 2011 2012 2013 2014 I
« SDP obs Nov-Dec 2009, KP early 2010-, AO1 early 2011-, AO2 early 2012- S| vg 448



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

" Non-Archival
120 B Partially Archival
B Archival
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 SDP obs Nov-Dec 2009, KP early 2010-, AO1 early 2011-, AO2 early 2012-



Private Library HerschelPapers (Refereed papers based on Herschel inflight measurements, last modified 12-Apr-2015) for gpilbratt@rssd.esa

(Note: the link on the library name is a public link to this library)

Selected and retrieved 1363 abstracts.

# Bibcode Score Date List of Links
Authors Title Access Control Help

1 2015MNRAS 449 24981
Ibar, E.; Lara-Lépez, M. A ; pz=02
Hopwood, R.; Bauer, A_; Ivi ADS Sea rc h es

Michalowski, M. J.; Danner|
vanderWerh B Rieches T o Demand both ‘Herschel’ & ‘X’ in abstract

2 D ZDLMERASABZIA o Publication dates from 07/2010 onwards

Hopwood R P(? lchamplon‘
e o Articles only in refereed journals/ All

10 coauthors

« Herschel & ALMA: 55/233
3 2015MNRAS .449.1309¢ .
Garcia-Bernete, I.; Ramos A * HerSCheI & SOFIA' 1 5I98 eracting system Arp 245
Pulido, J. A.; Alonso-Herrer
Portal.M.‘:ACa‘?tillo,M.: Pery ® HerSChel & ISO: 33/88

Esquej, P.; Gonzélez-Martin

and 7 coauthors * Herschel & Spitzer: 331/881

4 o1smnrasag9.715vy ©  Herschel & AKARI: 15/40
Walker, D.L.; Lo ore, S
Kmijsscn,J.M.Dn.:grlgathbor e Herschel & XMM: 16/48

Jackson, J. M.; Foster, J. B.;

5 2015MNRAS .449..373D 1.000 05/2015 AZEF X R C U

Delvecchio, I.; Lutz, D.; Berta, S.; Rosario, D.J.; Mapping the average AGN accretion rate in the SFR-M-« plane for Herschel-selected galaxies at0 <z <=2.5
Zamorani, G.; Pozzi, F.; Gruppioni, C.; Vignali, C.;
Brusa, M.; Cimatti, A.; and 8 coauthors

6 2015SMNRAS .449L...82G 1.000 04/2015 AZEF
Greaves, J. S.; Whitelaw, A. C. M.; Bendo, G.J. The subsurface of Pluto from submillimetre observations

|~
=




4
3

.

= PSR

.,
)
&
¢
gé
!‘
..
).
o
%
L]




