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Datasets

12 sunspots observed 
with MDI Hi-Res 
between 1997 and 
2006

Intensity and l.o.s. 
magnetic field maps 
have been corrected 
for scattered light 
(Wiener deconvolution 
with PSFs of Mathew 
et al. (2007) and 
Rabello-Soares, 
Korzennik, and Schou 
(2001); Correction of 
magnetic field maps 
based on conversation 
with J. Schou)



  

Impact of scattered light correction

diamonds=corrected data, stars=uncorrected data

Similar to 
Livingston 
(2002) ?



  

Livingston (2002) Kopp & Rabin (1992)



  

Impact of scattered light correction (2)

Linear relation as reported in Solanki (2003) 



  

Methodology

✔Time-distance analysis (Duvall et al. 1993): mean-
travel time perturbations for 36 distances source-
receiver (from 6.2 to 66.7 Mm). Gabor wavelet fit
✔MCD inversion (Jensen, Jacobsen, & Christensen-
Dalsgaard 1998): modified with horizontal 
regularization (Couvidat et al. 2005)
✔Sensitivity kernels: Born-approximation kernels 
(Birch, Kosovichev, & Duvall 2004) provided by 
Aaron
✔Caveats: we make the assumption that mean-travel 
time perturbations are entirely due to sound-speed 
perturbations below the solar surface; we use Born 
kernels with Gabor wavelet fit; we assume linear 
approximation is valid



  

Mean travel-time 
perturbations at 10 
Mm

Results



  

Mean travel-time 
perturbations at 22 
Mm

Results (2)



  

Results (3)

Correlation coefficient r1 
= 0.91 (±0.05)

Correlation coefficient r2 
=  0.71 (±0.14)

All sunspots show two-region structure in sound-speed

Region of decreased sound-speed

Magnetic inhibition of convection explains r2 (?)
while r1 >r2 shows significance of direct impact of B on wavefield (?)



  

Temperature at the surface obtained by Planck function



  

Results (4)

Region of increased sound-speed

Correlation coefficient r1 
= r2 = 0.77 (±0.12)



  

Results (5)

Transition zone between dc/c <0 and dc/c >0 seems 
shallower when magnetic flux increases



  

Averaging kernels at 3 target depths (1.21-1.69 Mm; 
1.69-2.22 Mm; 2.22-2.75 Mm)



  

Convective stability criterion (Gough & Tayler 1966)

B2/[γ(P+B2)] > 1/γ – P/ρ dρ/dP



  

Conclusions

✔Caveat: strong assumption regarding δc/c and δτ
✔Increase in mean travel time at short distances, decrease 
at large distances, is general feature of sunspots
✔Region of decreased sound speed: temperature drop 
cannot completely explain the decrease in sound speed, 
because r1>r2 and transition zone is shallower for 
stronger magnetic fields => probably shows the 
significance of direct effects of the magnetic field 
(corroborating, e.g., Lindsey and Braun (2003), Cally 
(2000), Crouch et al. (2006), Braun and Birch (2006), 
Couvidat and Rajaguru (2007)...
✔Nevertheless, temperature drop could be the main 
source of decreased sound speed


