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Outline - Far-IR and Sub-mm Space Telescopes - an ESA technology perspective

From FIRST (dream –ESA proposal- 1982) to reality Herschel (launched May 2009)
Planck – an even colder telescope (40K) with FIRST material heritage
SPICA – the JAXA/ESA ( 5K background limited ) next generation that was not to be 
PRIMA – 2030’s NASA’s new attempt to “fill the gap” (with European participation)
Themes: 
Ambitious science drives technology and pushes design (please keep dreaming!)
New technologies are always a combination of push (can we use this?) and pull (what do we need?)
Risk taking – SiC had no heritage at Herschel scale (3.5m) and temperature (70-80K) 
Very hard work – but extremely rewarding, seeing the science enabled and achieved 

This is a very brief personal review of the Herschel telescope development with reference to its 
enabling technologies, context some of the many details we had to pay attention to and what 
perhaps comes next.  It’s always about Dreams and Details!
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From FIRST to Herschel => The dream: 8m deployable!

FIRST mission proposal 1982-’84
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NASA-JPL => 2m CFRP Telescope breadboard (1999)

Cryo measurements were challenging
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Herschel the reality: 2009 => 3.5m fixed focus

Herschel 
Telescope 
at ESTEC 
during final  
AIT 
activities in 
2008.
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In May 2009 dreams come true with a perfect launch



8

Some technological details along the way

Material drivers => From Aluminium to CFRP to Al and SiC … and now back to Al (Ariel and PRIMA) 

CFRP looked attractive … but there 
were too many challenges scaling 
up to 3.5 m 
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Material design trade-space

In the meantime, the entire trade-space 
has now been exploited for space telescopes.
In 2000, SiC was an attractive but still 
a challenging “outlier” 

From
Fig 4.29 Bely ed  
“Design and construction of large telescopes”
©Springer 2003

Useful figure of merit.
Specific Stiffness vs Thermal Diffusivity/CTE
Many materials possible: Need very careful optical,  
optomechanical and interface design and quality control

ISO, Hubble

Hipparcos
Silex
Lisa

Aladin LIDAR (Aeolus)
GAIA, Euclid

NIRSPEC (JWST)
SPICA (JAXA/ESA) 

HerschelJWST

JCMT, ALMA, 
ARIEL, PRIMA
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Starting material

Finished telescope

After coating  (Al) in Calar Alto (Sp)

Segment fabrication & assembly

TV cryo testing in CSL Telescope components
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HERSCHEL PFM Telescope development & AIT

Unique full aperture liquid collimation 
mirror used at ambient for telescope 
end-to-end testing, and optical 
performance verification.  

Heaters and stand-offs for thermal insulation
of the Herschel M1 rear side. 
The heaters were used during in-orbit cooldown 
to prevent freezing out of water-vapour (from 
the spacecraft) on the optical surface. 
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Herschel Telescope Launch Prep – some details

CO2 Snow gun being used to clean the telescope mirror surfaces prior to launch. 
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M2 – anti-narcissus cone (very important for HIFI)
A fantastic technological polishing 
achievement for Zeiss

Didn’t know if possible, at KO

(Flight spare Herschel M2 gifted to Jacques Louet)
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Herschel Telescope
Focus position change (mm) vs Temperature 
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Materials came back to haunt us – Cryo-focus problem
Root cause: Delta CTE SiC / Invar 
And 200x Axial magnification

Fix: shim the telescope! 
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During final telescope cleaning in Kourou

Last view of the cryostat cover
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Herschel & Planck meet in Kourou just before launch
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Was the telescope shim good? In focus or not? First light

Birr observatory, Co. Offally, Ireland

2009

The image is a 
composite of three 
observations 
taken at 70, 100 
and
160 microns, 
taken by 
Herschel’s 
Photoconductor 
Array Camera &
Spectrometer 
(PACS) on 14 and 
15 June, 
immediately after 
the
satellite’s 
cryocover was 
opened on 14 
June 2009.

Relief was huge!
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Planck – a very special CFRP telescope (40K)
Testing was a complex
mix of – 
* IR Interferometry
* Videogrammetry 
And
* CATR RF far field 
(as seen here) 
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SPICA – the JAXA/ESA next generation (SiC) 
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PRIMA – 2030’s NASA’s new gap filler (incl. Europe)
https://prima.ipac.caltech.edu/ Back to Aluminium (not as easy as it seems, cf ARIEL)

Ted Bergin yesterday: “ PRIMA will be the glue linking JWST and ALMA ” !

https://prima.ipac.caltech.edu/
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Al mirror technology in Europe => ARIEL Telescope

1.8 m telescope @ 55K, 3 micron diff limit, f 13.4

AL polishing is more challenging than expected & M1 is now  
on the spacecraft critical path
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What’s next technologically for “cool” space telescopes
Al => Scale up beyond 1m class and exploit ultra lightweighting to push areal densities down

Be => Challenging in Europe, mastered in the US (JWST) => TALC? 

SiC => European heritage is very well established, surface roughness can be improved with polishing layer

C/SiC => A long established challenger to SiC, but still has challenges scaling up and at cryo

Si3N4 => Promising, but limited size, lower surface roughness than SiC.

Technology push R&D activities ongoing.

CFRP etc => BHEX?

Future telescope morphologies: 
Small or large monolithics; SPICA & ORIGINS? 
Deployables – JWST as enabler; SUPERSHARP? 
Sparse-distributed apertures – TALC? 
Interferometers – LIFE as DARWIN revival etc? Mirror shape => we’re exploring free-form as an enabler

Si3N4
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Teamwork – Happy Herschel science community 
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… one more thing, don’t forget to submit a proposal ! 

https://www.cosmos.esa.int/web/call-for-missions-2025/home
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