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Flow of the talk 

ÅExploring the Submm/THz wavelength/frequency domain 

ï Is late: the last EM range to be explored 

ïAtmospheric impacts 

ïSubmm Generic Science topics 

 

ÅFrom ALMA to LLAMA: ALMA and impact on LLAMA 

 

ÅLLAMA: Opportunities and Challenges 

 

 

 

 

 

 
Å  

 

IAR 50 years 



THz Astro-Science: the Cool Universe 

Spectral coverage for: 

ïBlack-bodies 5-100 K 

Åcontinuum radiation 

Ådust grains (re-)radiating 

ïGasses  excitation 10-few100 K 

ÅAtomic/ionic lines 

ÅMolecular Universe 
 a.o. water lines, CII, etc. 

ï IR gal & ISM SED peaks, out to 
high Z and Cosmic Background! 

Emphasis: 

ïFormation and evolution of (first) 
galaxies & (first) stars/planets 

ï ISM physics & chemistry  

ïSolar system bodies 

Effectively: THE MOLECULAR UNIVERSE 
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THz Science: Lifecycle of ISM and Stars: 

Star Formation & Evolution 
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Solar System: 
Å  Water in Giant Planets 

Å  Atmospheric           

chemistry 

Å  Water activity and 

   composition of comets 

ISM in Galaxies: 

Å  Normal galaxies 

Å  Physical properties  

  of star-forming ISM 

Dense cores and  

star-formation: 

Å Temperature, density  

   structure 

Å Dust properties 

Å Stellar IMF 

ISM in the  

Milky Way: 
Å Structure 

Å Dynamics (pressure) 

Å Composition  

(gradients)  

Late stages of 

stellar evolution: 
Å Winds 

Å Shells 
Å Asymmetries 
Å Composition 
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Göran Pilbratt | Herschel First Results Symposium | ESTEC, Noordwijk | 4 May 2010 | 
vg # 6 

 

Å 13,000 identified lines 

Å 39 molecules 

Å 79 isotopologues 
 

  Crockett et al. 2014, ApJ 787, 112 

IAR 50 years 



 
Why Submm/THz is behind w.r.t. Visible/NIR 

1) Advances in THz Astronomy strongly coupled to 

progress in THz technology development 

 

2) THz technology was/is behind as compared to visible, 

infrared, radio, x-ray.  

Reasons: 

ïLow energy photons; deep cooling needed 

ïl/D requires large apertures (factor 1000) 

ïAtmospheric transmission problematic (water vapour) 

 

ïNo defense development, radar, ir vision,  

ïLittle medical research support (now a bit) 

ïNot much consumer technology (like ccd) (now phone stuff) 

ïBUT::: quantum computing needs!!! 
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cont. 

ÅTHz regime in between Optical and Radio ranges >>> Quasi-

optical techniques 

Å In general THz receiver equipment is complex and involves 

wide diversity of techniques: Optical, RF and Microwave 

techniques, Nano tyechnology, Fine Micro-Mechanical, 

Superconductivity, Semiconductors, Cryo-cooling, Thermal 

stability, High speed digital, Unusual materials 

ÅSo: a paradise for those who love technology science 

Å It took a while to go from:  

  - From single pixel bolometers to arrays 

  - From video (bolometer) detection to sensitive heterodyne 

receivers for high frequencies (quantum optics was late) 
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Hetrodyne detection: signal frequency range translation 
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The heterodyne principle in action. In the left panel the sky 

signal is combined with the LO signal in a non-linear mixing 

element (with IV-curve given in the top left). The output signal is 

down converted and can be amplified electronically. In the right 

panel it is shown that the down converted signal has the original 

information content, but now at much lower frequency. 



 

 

ÅThe SIS revolution: In 1977-78: 

ÅFor 100 GHz-1200 GHz 

with T.G. Phillips, P. Richards, J. Tucker, etc 

 

ÅThe HEB revolution,In 1980: 

For 1000 GHz ï 6000 GHz, 

E. Kollberg, Yngvison, Goltschman, etc.. 
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Sensitive Heterodyne detection/mixer components 
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Mixers: SIS (100 GHz ï 1200 GHz  and HEB (>1 THz) 

(SRON and JPL 


