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SONG is fantastic facility for research



SONG is fantastic facility for research



SONG is fantastic facility for research



SONG hardware



SONG hardware
• Time domain astronomy
• PI experiment that is seen as “one instrument”
• Main instrument is a spectrograph
• Optimized for Iodine (I2) and low-cost solutions
• Robotic and a limited staff







SONG is unique
• It works very well! … with a very high duty cycle
• Robotic facility – key scheduling/flexible 

scheduling – using internal science priorities
• Fast Track activities - ToO
• Pipeline – Iodine (I2 velocities)
• We can take scientific risks and do additional 

experiments (e.g. like the solar-SONG)



SONG operations
• Policies
• Conductor
• SODA
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SONG DATA ARCHIVE

Serves SONG data to the community.

Documentation on data products.

Allows users to define observations (Phase 2).

Facilitates the SONG Publication Review.

Live statistics of SONG observations.

… and more to come…



The science from SONG is amazing

µ Herculis

• Velocities and not ”only” Photometry



Arcturus Observations with Hertzsprung SONG @ Obs. Teide

23-26 October 2018 Pere L. Pallé.        Sience with SONG: 4 more years 19

• Almost circumpolar from OT (10.7 months/year with altitude >12 deg)
• Nightly observed (few  “visits” /night) from March 2016- October  2018
• A total of 9613 spectra on 524 days (out of 940.. 56%)
• Extracted RV using I2 technique [Butler(1996), Grundahl et al., 2017)].
• Mean uncertainty per point (20 s) of about 2.1 m/s
• By-side products: equally space time series (30-min/1-6 h) and mean daily RVs
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∆Teff > 100 K

Paula Jofre



Savita Mathur: Surface effects
• Systematic difference between 

observed p-mode frequencies and 
modeled ones

• Due to the surface layers that are not 
properly modeled

• Different ways to overcome it:
• Surface term following the formula of 

Kjeldsen et al. (2008) or Ball & Gizon (2014) 
• Use frequency ratios insensitive of the 

surface effects
• Use 3D simulations prescriptions by 

matching with 1D models [Trampedach et 
al., 2017]

• Recent work by Basu & Kinnane (2018) 
(use of BG14, frequency ratios, epsilon 
differences):

• different corrections of the surface effects 
lead to robust estimates of M, R, age

SONG V workshop 28[Ball & Gizon 2014]

[Creevey et al. 2017]

modeledobserved



Frequency analysis based on 
SONG data supported by the 
better spectral window of K2



Fresh model results from Victor Silva Aguirre (Aarhus),
Fitting asteroseismic parameters + existing photometry
with BASTA models:

Distance: 44.287 pc (cluster distance ~ 47 pc)

Radius: 12.16 Rsun (interferometry: 12.06 +/- 0.16 Rsun)

Age: 600−50+100 𝑀𝑀𝑀𝑀𝑀𝑀 (cluster age ~ 650 Myr)

Evolutionary stage: Most likely RGB



Amplitude ratio between photometry and spectroscopy:
Amplitude per radial mode
(Kjeldsen et al. 2008)

Amplitude ratio as a function of 
frequency;
Procyon (Huber et al. 2011), Sun

Note: SONG and K2 data
non-simultaneous…
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Sun: Virgo and GOLF (data: Jimenez et al 2002)
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Sun: Virgo and GOLF (data: Jimenez et al 2002)

Phases  ΦI - ΦV (degrees) 



Sub giants
µ Herculis: Teff = 5649 K ;  log g = 4.029





S. Simón-DíazThe power of SONG for studying massive O stars and B Supergiants

Provide empirical information about spectroscopic variability phenomena 
in O stars and B Supergiants as any other facility in the world can do

During the last 4 years, SONG has been proven to be a key facility to

ι Ori: A massive eccentric binaryλ Ori: A massive β-Cep type pulsating star
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Provide empirical information about spectroscopic variability phenomena 
in O stars and B Supergiants as any other facility in the world can do

During the last 4 years, SONG has been proven to be a key facility to

κ Cas: A prototypical exmple of photospheric 
variability in O and early-B Sgs

θ1 Ori C: A massive magnetic star



S. Simón-DíazThe power of SONG for studying massive O stars and B Supergiants

Step forward in our understanding of the pulsational properties 
(i.e. internal structure)  of massive stars along their evolution

During the last 4 years, SONG has been proven to be a key facility to



1. velocity is very good for solar-like oscillations
2. robotic operation and flexible scheduling – great!
3. full sky coverage (eventually)
4. good spectral window for selected targets (eventually)
5. simultaneous with TESS – lots of oppoprtunities
6. continue to choose targets carefully, diversify science, 

remember weights and spectral window! ∆ν ∝√ρ

Asteroseismology with SONG – Tim Bedding
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Solar-SONG:
400 µm telescope
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Solar-Proxima b:
140 m telescope









Outreach and Recruitment
Upper secondary School visits



The SONG synergies
• TESS  (Kepler, PLATO, CHEOPS)
• BRITE
• Other telescopes (NOT, TNG, ESO, AAT, Gemini, Keck…







Seager et al. 2014



First Discoveries: TESS Alerts



Asteroseismology of TESS Alerts



The SONG-TESS Sample

Pdet > 0.5
V < 6 mag
A > 0.4 m/s
T > 1 sector

δ EriProcyon

Sun



Late G / early K with SONG
• ~6 month 

observations with 
~80% duty cycle, 1 
minute cadence with 
4 m/s RV precision 
(cf σ Dra)

• ~8 cm/s amplitude 
(similar to α Cen b)

• Observations don't 
need to be 
contiguous!





TNG



Observations from Moletai



SONG – collaborations and nodes 
• Inviting more researchers (incl. students) from the 

community to become partners in our collaboration
• Additional nodes





SONG Australia
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