
O.	
  Kochukhov	
  

Doppler	
  Imaging	
  	
  

Exercise	
  

Surface	
  cartography	
  of	
  the	
  Sun	
  and	
  stars,	
  Besançon,	
  2014	
  	
  

Oleg	
  Kochukhov	
  
oleg.kochukhov@physics.uu.se!

	
  	
  
Uppsala	
  University,	
  Sweden	
  



O.	
  Kochukhov	
  

DI	
  Demo	
  program:	
  installaFon	
  
– Download	
  didemo_gui.sav	
  from	
  	
  

http://www.astro.uu.se/~oleg/school/!

– Download	
  IDL	
  8.3	
  from	
  the	
  same	
  directory	
  

–  Install	
  IDL	
  (without	
  ENVI)	
  following	
  instrucFons	
  

–  Start	
  didemo_gui	
  code	
  in	
  Virtual	
  Machine	
  mode	
  
•  Windows:	
  drag	
  and	
  drop	
  didemo_gui.sav	
  file	
  onto	
  IDL	
  
Virtual	
  Machine	
  icon	
  

•  Linux/Mac	
  OSX:	
  type	
  in	
  terminal	
  window	
  
	
  idl	
  –vm=didemo_gui.sav	
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O.	
  Kochukhov	
  

DI	
  Demo	
  program:	
  overview	
  
u Gaussian	
  local	
  intensity	
  profile	
  

u  Linear	
  limb	
  darkening	
  

u  Two	
  versions	
  of	
  spots	
  

–  different	
  conFnuum	
  intensity	
  (cool	
  acFve	
  star)	
  

–  different	
  line	
  strength	
  (early-­‐type	
  magneFc	
  star)	
  

u OpFmizaFon	
  with	
  truncated	
  Newton	
  method	
  

u  Tikhonov	
  regularizaFon	
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O.	
  Kochukhov	
  

Outline	
  of	
  exercise	
  
u  Exercise	
  

1.  Define	
  stellar	
  parameters	
  and	
  spot	
  configuraFon	
  

2.  Calculate	
  profiles	
  for	
  given	
  parameters,	
  add	
  noise	
  

3.  Invert	
  simulated	
  observaFons	
  for	
  a	
  different	
  set	
  of	
  
stellar	
  parameters	
  

u  Possible	
  to	
  save/restore	
  calculaFon	
  setup	
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O.	
  Kochukhov	
  

DI	
  Demo	
  program:	
  main	
  interface	
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Stellar	
  parameters	
  for	
  forward	
  calculaFon	
  

Line	
  profile	
  parameters	
  

Spot	
  number	
  type	
  and	
  parameters	
  

Number	
  of	
  phases	
  and	
  S/N	
  to	
  simulate	
  observaFons	
  

Stellar	
  parameters	
  for	
  inversion	
  
RegularizaFon	
  type	
  and	
  value	
  

Main	
  control	
  bu`ons	
  



O.	
  Kochukhov	
  

Stellar	
  surface	
  and	
  line	
  profile	
  plot	
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O.	
  Kochukhov	
  

Text	
  output	
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1.	
  Range	
  of	
  values	
  in	
  the	
  map	
  
2.	
  Total	
  discrepancy	
  funcFon	
  
3.	
  Chi-­‐square	
  contribuFon	
  
4.	
  RegularizaFon	
  contribuFon	
  
5.	
  Mean	
  deviaFon	
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O.	
  Kochukhov	
  

DI	
  exercise	
  (1)	
  
u  Use	
  default	
  configuraFon:	
  4	
  spots,	
  line	
  strength	
  as	
  spot	
  
parameter,	
  Tikhonov	
  regularizaFon	
  

u  Effect	
  of	
  regularizaFon	
  
–  Run	
  with	
  opFmal	
  value	
  (preset)	
  
–  Consider	
  100	
  lower	
  value	
  
–  Consider	
  100	
  higher	
  value	
  

u  Stellar	
  parameters	
  
–  Effect	
  of	
  inclinaFon	
  of	
  90o	
  ?	
  
–  Effect	
  of	
  low	
  vesini	
  ?	
  What	
  is	
  the	
  minimum	
  vesini	
  that	
  allows	
  
recovering	
  laFtude	
  informaFon?	
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O.	
  Kochukhov	
  

DI	
  exercise	
  (2)	
  
u  Effect	
  of	
  errors	
  in	
  stellar	
  parameters	
  

–  Impact	
  of	
  wrong	
  vesini	
  value?	
  	
  
InvesFgate	
  by	
  changing	
  vesini	
  by	
  ±3	
  km/s	
  

–  Impact	
  of	
  wrong	
  inclinaFon?	
  
InvesFgate	
  by	
  changing	
  i	
  by	
  ±20o	
  

–  Is	
  it	
  possible	
  to	
  recover	
  correct	
  vesini	
  and	
  i	
  from	
  DI,	
  by	
  finding	
  
the	
  values	
  that	
  minimize	
  χ2?	
  

u  Effect	
  of	
  observaFonal	
  data	
  quality	
  
–  Consider	
  spectra	
  simulated	
  with	
  S/N=100	
  
–  Consider	
  spectra	
  simulated	
  for	
  5	
  rotaFon	
  phases	
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