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Precise measurements of 
angles and distances are 

really useful.



Angular diameter

θ



θ 2
R

D

R = ½θD
Angular diameter



θ 2
R

D

R = ½θD
Angular diameter

f
bol

 =     L   
4πD2



θ 2
R

D

R = ½θD
Angular diameter

f
bol

 = 

    
4πR2σT

eff
    

  4πD2

4



θ 2
R

D

R = ½θD
Angular diameter

f
bol

 = ¼σθ
 
2T

eff
   4



Gilliland & Dupree (1996)

HST

The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

Betelgeuse



Gilliland & Dupree (1996)

HST

The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

Betelgeuse



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas27
 m

m



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

20 kr. coin in Aarhus: 1.5 mas

27
 m

m



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

20 kr. coin in Aarhus: 1.5 mas

θ Cyg: 0.75 mas

27
 m

m



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

20 kr. coin in Aarhus: 1.5 mas

θ Cyg: 0.75 mas

31
.6

5
 m

m



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

20 kr. coin in Aarhus: 1.5 mas

θ Cyg: 0.75 mas

50c coin in Sydney: 0.35 mas

31
.6

5
 m

m



The Sun: ~32 arcmin

Betelgeuse: 125 mas (UV)
55 mas (optical)

α Cen A: 8.5 mas

α Cen B: 6.0 mas

20 kr. coin in Aarhus: 1.5 mas

θ Cyg: 0.75 mas

50c coin in Sydney: 0.35 mas
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Optical Path Length Equalization (OPLE) Lab



PAVO – one of several beam combiners
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Fringe visibility is a function of 
source size, baseline length, and 

wavelength

= Path length diference
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Instrument Telescopes Band(s) Limiting Magnitude
Spectral 

Resolution

CLASSIC 2 H (1.6μm) 
K (2.2μm)

8.5 Broadband

CLIMB 3 H, K 7.0 Broadband

JouFLU 2 K 5.0 Broadband

MIRC 6 H 6.0 40

PAVO 2 630-900 nm 8.0 30

VEGA 3 480-850 nm 5.0 (high) / 7.5 (low) 30000, 6000

CHARA instruments



Karovicova et al. 2018

V = 7.212
θ = 0.324±0.005 mas
[Fe/H] = −2.6
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μ Her
θ = 1.861±0.016 mas









3σ

3σ

1σ

1σ











Kervella et al. 2017



Kervella et al. 2017



Effective Temperatures



Reference f
bol

Mozurkewich et al. 2003 1.25 nW m-2

Boyajian et al. 2013 (116.4000 ± 0.1240) x 10-8 erg s-1 cm-2 

Baines et al. 2014 (102.0 ± 0.2)  x 10-8 erg s-1 cm-2 

Swihart et al. 2017 (118.700 ± 1.974) x 105 W m-2 

Freund et al. 2018 1.31 x 106 fW m-2

Bolometric fluxes – μ Her
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Reference f
bol  

(nW m-2) T
eff  

(K)

Mozurkewich et al. 2003 1.25 (± 5% ?) 5736 ± 77

Boyajian et al. 2013 1.1640 ± 0.0012 5636 ± 25

Baines et al. 2014 1.020 ± 0.002 5453 ± 24

Swihart et al. 2017 1.187 ± 0.020 5663 ± 34

Freund et al. 2018 1.31 (± 5% ?) 5803 ± 77

Bolometric fluxes – μ Her



Bolometric fluxes

Swihart et al. 2017

f
bol

 = 30.0 ± 1.9 x 10-8 erg s-1 cm-2 
  



Bolometric fluxes

f
bol

 = 145.4 ± 5.1 pW.m-2

T
eff

 = 4949 ± 58 K

White et al. 2018



Asteroseismic vs Interferometric Radii

65

Huber et al. 2012

Interferometrically
measured radius

Scaling relation radius

First results for 
CoRoT & Kepler stars



Hipparcos



Gaia DR2



μ Her 46 LMi ε Tau



μ Her 46 LMi ε Tau

HD 185351



Hjørringgaard et al. 2017

HD 185351







Summary

● The best SONG targets also make the best targets for 
interferometry

● We need to be aware of possible systematic errors
● With nearby bright stars we can measure limb darkening and test 

model atmospheres
● There will be great opportunities to take advantage of the 

combination of asteroseismology and interferometry to test and 
refine stellar models, particularly as the network expands and more 
stars can receive a μ Her-like treatment.
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