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The SONG concept 

• Network of 8 telescopes with a global distribution 

• Long, nearly continuous observations 

• Ultra-precise Doppler-velocity measurements 

• Precise photometry of faint stars in crowded 

fields 

 

SONG is regarded as one scientific 

instrument 

 



Rationale for SONG project 

• Ultimate asteroseismic precision requires 

radial velocity observations 

• Continuous extended observations require 

dedicated facility 

• Optimized instrumentation can reach 

required sensitivity with 1m telescopes 



A little history 

• Early ideas: Spring 2005 

– With optimized instrumentation, spectroscopy 

with iodine reference, adequate sensitivity can 

be reach for bright stars with very modest 

telescopes 

• Developed further during 2005 

• Conceptual design phase through 2006 

– Funded by VKR, Carlsberg, … 



Asteroseismology with an 8 m 

telescope 

Using UVES on VLT and UCLES on AAT 



Early concept (December 2005) 



Revised design, mid-2006 



ASTELCO sketch, early 2007 



An early sketch for the design 



Conceptual design review,  

1 – 2 March 2007 
• Team: Keith Horne, Thomas Augustein,  

Don Kurtz 

• Conclusion: We commend the SONG team for 

its remarkable progress in developing the SONG 

concept to its present level of definition. SONG's 

unique combination of instrumentation and 

continuous observing capabilities for time-

domain observations will open a new era in 

asteroseismology and will have a major impact 

on the discovery and study of extrasolar planets 

 



Prototype funding 

• Villum Fonden, 2007: General funding for 

prototype development 

• Danish Natural Science Research Council, 

2008: Funding of spectrograph 

• Carlsberg Foundation, 2008: Partial funding of 

telescope 

• Aarhus, Copenhagen Universities: In-kind 

contributions  

• Instituto de Astrofísica de Canarias, Tenerife: 

Local infrastructure, local operations 

 

 



Scientific goals of SONG 

• Asteroseismology of unprecedented 

resolution and accuracy 

– Radial-velocity observations 

• Characterization of extra-solar planetary 

systems 

– Radial-velocity observations 

– Gravitational microlensing 

• Additional science 



Studies of exo-planets 

• Radial velocity 

– Low-mass planets in short-period orbits 

• Gravitational micro-lensing 

– Characterization of statistics of planetary 

systems, including low-mass planets in long-

period orbits 



Gravitational micro-lensing 



Asteroseismology 

• Oscillation frequencies can be determined 

with extremely high precision 

• Frequencies are sensitive to internal 

structure and rotation 

• Mode amplitudes and lifetimes are 

sensitive to near-surface physics, including 

convective dynamics 

The study of stellar interiors from 

observations of stellar oscillations 



Observational requirements 

• Extreme sensitivity 

– Amplitudes down to a few cm/s in velocity and 
a few parts per million in intensity 

• Very long observation series (weeks or 
months) 

– Ensure sufficient frequency precision 

• Nearly continuous data 

– Avoid complications in observed oscillation 
spectrum 



SONG in the Kepler era 
• Kepler  provides very good data for hundreds 

(thousands) of stars 

– Ensemble asteroseismology (comparison of stellar 

properties) 

– Population studies 

– Characterization of pulsation properties for broad 

range of stars 

• SONG will provide exquisite data for a limited 

number of stars 

– Detailed probing of stellar internal structure 

– Detailed investigations of physics of stellar interiors 



Stellar noise vs. oscillations 



Overall design drivers for 

SONG instrumentation 

 Ultra-precise radial velocities  

  Photometry in crowded fields 

  High duty-cycle 

  Long lifetime 

Optimize the design for the primary science 

purposes:  



Strawman sites Izaña: prototype 



Macaronesia 

SONG 



You are here 







Telescope and dome  

• 1 m telescope, alt-az mount 

• High-resolution spectrograph 

• Lucky Imaging camera for micro-lensing 

• Telescope, dome delivered by Astelco 

Systems, GmBH 

• Acceptance, Tenerife, Autumn 2012 

 

 

 



  













Potential  
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Weather 
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Telescope 



Radial-velocity measurements 

• High-resolution spectrograph (R ~ 100,000) 

• Spectrograph in moderately temperature-

stabilized environment 

• Iodine-cell reference 

• Optimize instrumentation for iodine 

wavelength region 

• Develop efficient software for analysis of 

iodine data 



Spectrograph construction 



The first iodine cells for 
SONG after heating to 
80ºC in a kitchen oven. 
 
Was scanned in 2010 
with a FTS at Lund  
Observatory, Sweden. 



Solar observations from IFA 

parking lot 





November 2010 





March 2012 





23 April 2012 











Solar observations from 

Tenerife 



SONG solar observations 

will let us compare solar and 

stellar observations directly 

by observing using exactly  

the same method. 

 

Data volume: ~15000  

spectra / day = 120Gb. 



SONG first light: Arcturus 

Exposure: 20 s 

Resolution: ~115,000 Atlas 

SONG 



Saturn 



A Lucky Image of Mars 



Beta Aquilae (V = 3.7, G9.5 IV) 

3.6 m TNG, La Palma SONG 

SONG exposure: 120 s 

TNG  exposure: 150 s 



Inauguration, 25 October 2014 



Inauguration, 25 October 2014 
The Hertzsprung SONG Telescope 



Morning activities 



Morning activities 

Check the webcam 



Morning activities 

Check the webcam 

Check the observing log 

μ Herculis 



 μ Herculis 

V = 3.42 Binary binary 



μ Herculis observations 



Power spectrum 

¢ º = 64.0 ¹Hz 



Power spectrum 

¢ º = 64.0 ¹Hz 



Observed échelle diagram 



‘Well-fitting’ models 

1.12 M¯ 

1.15 M¯ 



Possible and actual locations 

Delingha 

Izaña: prototype 

Queensland 



September 2009 



December 2009 



Delingha observing station, Dec. 2012 

SONG node #2 in China is  

underway 



Delingha site 



Mt Kent, Queensland 

SONG node #3 



Mt Kent Observatory 



SONG site #n: Apache Point, 

NM? 




