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The Herschel Space Observatory

Jesus Martin-Pintado
Departamento de Astrofisica Molecular e Infrarroja
IEM-CSIC, Spain

Based on presentations from:
http://herschel.esac.esa.int/OT_KP_wkshop.shtml
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« ESA cornerstone observatory

— instruments ‘nationally’ funded, int’l -
NASA, CSA, Poland — collaboration

— ~1/3 guaranteed time, ~2/3 open time
 FIR (57 - 670 um) space facility

— large (3.5 m) monolithic low emissivity
passively cooled telescope

— 3 focal plane science instruments
— 3 years routine operational lifetime

— full spectral access

— low and stable background

* Unique and complementary

— forx <200 {um larger aperture than
cooled telescopes

cryogenically

(IRAS, ISO, Spitzer, Akari, ..

— more observing time than balloon-
and/or air-borne instruments

— larger field of view than
Interferometers

e Launch in 2008

— the initial observing AO was issued

on 1 Feb 2007
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HERSC
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HERSCHEL

Space Observatory

CXpIOFIng e formaron of goioxies and siars
Découvrir la formation des galaxies et des éfoiles

Astronomers' website: hitp://www.rssd.esa.int/harschel
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- Herschel spectral coverage
— black-bodies 5-50 K
+ continuum radiation
+ dust grains (re-)radiating
— gases 10-few100 K
+ brightest atomic/molecular lines
« Herschel strengths

— covers IR dominated galaxies &
protostar SED peaks

— wide area mapping

— full coverage spectral scans &
particular (water) lines

* Herschel emphasis

— formation and evolution of
galaxies & stars

— ISM physics & chemistry
— solar system bodies
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The cool Universe
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Herschel Mission elements

« Space segment
— Spacecraft, with
— Payload
— Telescope

« Mission operations

— Mission Operations Centre
(MOC), ESOC

— Ground stations, Australia &
Spain
« Science ground segment

— Herschel Science Centre
(HSC), ESAC

— Instrument Control Centres
(ICCs), SRON-G, RAL, MPE

— NASA HSC, IPAC
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telescope (eff) diam
telescope WFE
telescope temp
telescope emissivity
abs/rel pointg (68%)
science instruments
science data rate
cryostat lifetime
height / width
launch mass

power
orbit
solar aspect angle

(3.3)13.5'm
<6 um
<90 K

<4%

< 3 78/0.8”
3

130 kbps

> 3.5 years
~7.5/4m
~ 3300 kg
~ 1500 W

‘large’ Lissajous around L2

60-120 deg

launcher (w Planck) Ariane 5 ECA
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S Herschel Spacecraft

Sun Shade

Telescope

Solar Array

Local Oscillator Unit Cryo Vacuum Vessel

Thermal Shields

Service Module Instrument Warm Units
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Cryostat and lifetime

- Lifetime requirementis
being validated

— TB/TV test (ended today)

— Model correlation
- Science requirement

— Routine science operations

for 3 years
— Cryostat lifetime 3.5 years
 Model predictions

— Contractual conditions
3.9 +/-0.4 years

— ‘Actual’ dissipations
4.1 +/- 0.4 years

‘Predicted’ lifetime
4.7 +/- 0.4 years

Should know by QR Board

— initial feedback positive
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« Cassegrain optics
« M1 diameter 3.5 m
« M2 is undersized (stop)
=» effective aperture 3.3 m

« WFE at the best focus
5.5 um at 70 K OK

* Encircled energy OK
 Mass 315 kg (~90% SiC)
* Predicted

— operating temp somewhere
in the range 60-90 K
— Gradients across M1 small
* Sun direction ~0.2 K
* Orthogonal ~0 K

— Gradient M1-M2 ~2 K
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Herschel Telescope
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Grinding and lapping/polishing
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Herschel Telescope

 Telescope Tiger Team (T3)

— Focus shift with temperature is a real telescope feature
« Not a measurement artifact

— Itis repeatable over several cryo-cycles

— In hindsight not surprising
« Telescope design (fast primary, high magnification)
« Material properties not known with enough accuracy
=> Not feasible to make (very) accurate prediction

« Actual measurements
— Telescope measured down to 70 K — without thermal blankets
— Telescope measured down to 130 K — in in-flight configuration
— Same behaviour = confidence in in-flight focus position
— Improved materials properties measurements ongoing
« Could provide more accurate ‘prediction’
- Telescope in storage — waiting for integration

- Integration/alignment of telescope vs instruments still to be
performed — telescope considered known well within specs

1.6 mm /11 mm
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Pointing

- Pointing modes » Predicted performance
— pointing APE, RPE, AME — it is predicted
— scanning APE, RPE, AME — predictions cannot be
— raster ‘relative’ SRPE validated on the ground
« APE absolute error = we will only know in-flight
« RPE noise 1 min — hopefully pessimistic...
+ AME reconstituted
- Pointing specs (68%) » Pointing performance (68%)
— pointing 3.77,0.3", 3.1” — pointing 2.05”,0.24”, 1.99”
— scanning 3.7°,1.27,3.1” — scanning 2.55%, 0.967, 2.53”
— raster 1.07 — raster 1.97”
« Pointing goals (68%) . Pointing goals (68%)
— pointing 1.57,0.37, 1.2" — pointing 1.167,0.24", 1.12”
— scanning 1.57, 0.8%, 1.2” — scanning 1.597, 0.62", 1.58"
— raster 1.0° — raster - 1.32"
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Herschel Key dates

Selection of science instruments/Pls: 1997-98
FIRST becomes Herschel:\Dec 2000
Start of\spacecraft Phase B. mid 2001
- Start of spacecraft Phase C/D: early:2003
- SVM, PLM, telescope, CQM/EQM testing 2005
« SVM, telescope, PLM, instruments deliveries: 2006/07
» Issue of first AO for proposals: 1 Feb 2007
- Integration & tests/verification: 2007/08
- Launch: 2008, target date 31 July
- Early operations: first 6 months
* Routine Science Operations: 2009 — 2012/13?
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L auncher

» Launcher version:;
- Ariane 5 - ECA (cryogenic upper stage)
- qualification flight V164

« Payload configuration:

- Planck in lower position
- Herschel in upper position
- Sylda5/ACU2624

- Long fairing

« Launch Autonomy:
- 25 hours

* L2 Injection strategy:
- direct injection
- 25 minutes powered phase

L2 Injected mass capability:
- >6273 kg including adaptors

©CNES-coptembro 2002 / illust. D, Ducros
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Herschel Payload
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96(& Observatory Capabilities

Photometry -imaging, 6 broad bandsin 76 00 & m

PACS 2 colourfullys ampl ed (0. 5F@a) 1| magi
SPIREi simultaneous 3 colotf Fa | magi ng wi t h |

Spectroscopyin57-6 70 e m r ange -10v ar
PACSI grating spectrometer, 5x5,R~1500 0 0, -2&9 5 ™
SPIREI FTS spectrometer, R~200 0 +, -&~0 20

HIFI T heterodyne spectroscopy, R up t3,10 & -21257d 2486 2 5

IRAM summer school 4 October 2007 7 Pradollano - page 20



Herschel Focal Plane
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