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W e  c o n d u c t e d  s i m u l a t i o n s  f o r  s p o t s ,  u m b r a e  a n d
f a c u l a e  u s i n g  t h e  S O A P  ( S p o t  O s c i l l a t i o n  A n d
P l a n e t )  c o d e ,  w h i c h  m o d e l s  t h e  i m p a c t  o f  s t e l l a r
a c t i v i t y  o n  R V  a n d  p h o t o m e t r y .  S O A P  u s e s  t w o
s p e c t r a  f r o m  t h e  F o u r i e r  T r a n s f o r m  S p e c t r o g r a p h ,
o n e  f o r  t h e  q u i e t  S u n  a n d  o n e  f o r  t h e  a c t i v e  r e g i o n ,
a n d  c a l c u l a t e s  C C F s  u s i n g  t h e  G 2  H A R P S  t e m p l a t e .
T h e  C C F  v e l o c i t i e s  a r e  s h i f t e d  b a s e d  o n  t h e  S u n ’ s
r o t a t i o n a l  v e l o c i t y  a n d  c e l l  p o s i t i o n  o n  t h e  d i s k .  W e
a s s u m e d  c o m p l e t e  i n h i b i t i o n  o f  t h e  c o n v e c t i v e
b l u e s h i f t  ( 3 5 0  m / s )  a n d  a p p l i e d  a  t e m p e r a t u r e
c o n t r a s t s  o f  - 6 6 3  K  f o r  s p o t s  ( M e u n i e r  e t  a l .  2 0 1 0 )
a n d  + 2 5 0  f o r  f a c u l a e .

MODELING THE SUN’S RADIAL VELOCITY WITH SOAP USING SDO
OBSERVATIONS: COMPARISON WITH HELIOS RADIAL VELOCITY

DATA.

In the future, we aim to enhance these  results by
improving spots and faculae detection and simulation,
specifically further developing SOAP. Including solar
observations from PoET (Paranal solar Espresso
Telescope) we will  gain different spectra for various
active regions enabling a deeper understanding of the
convective blueshift and its effects.
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274 observations from 01/06/2023 to 08/08/2023 every 6 hours.
Spots detection from SDO/HMI (Fe 6173 Å), Limb Darkening corrected
observations.
Faculae detection on SDO/AIA observations (UV 1700 Å), higher
intensity contrast with solar surface.
We conducted the detecion and analysis using the “Coimbra” code
(Carvalho et al. ,  2020), based on image morphological transformations.

FITS file of the observation                   Result of the spots identification       

We used cluster analysis with a Gaussian Mixture Model to identify the number,
size, and position of sunspots. To validate our results, we compared the fil l ing
factors with data from Solar Cycle Science and NOAA/NGDC, showing similar
trends but lower values. We also tested a "contour" analysis, which produced
the same trend but higher values. Additionally, we separated umbra and
penumbra to focus on analyzing only the umbrae. We conducted the ‘contour’
analysis on faculae as well.

Code validation with cluster analysis                           Code validation with contour analysis

¹’²

O n e  o f  t h e  p r i m a r y  o b j e c t i v e s  o f  t h e  E x o p l a n e t s  c o m m u n i t y
n o w a d a y s  i s  f i n d i n g  r o c k y  p l a n e t s  i n  t h e  h a b i t a b l e  z o n e s
o f  s o l a r - t y p e  s t a r s .  H i g h - r e s o l u t i o n  s p e c t r o s c o p y  i s
c r u c i a l  f o r  o b t a i n i n g  p r e c i s e  R V s  t o  d e t e c t  t h e s e  p l a n e t s .
H o w e v e r ,  s t e l l a r  c o n t a m i n a t i o n  f r o m  s p o t s  a n d  f a c u l a e  c a n
o b s c u r e  o r  m i m i c  p l a n e t a r y  s i g n a l s ,  c o m p l i c a t i n g  t h e i r
d e t e c t i o n .  

F r o m  S D O  o b s e r v a t i o n s ,  w e  i d e n t i f y  a n d  c h a r a c t e r i z e
s p o t s   o n  t h e  s o l a r  d i s k .  U s i n g  S O A P  ( S p o t  O s c i l l a t i o n
A n d  P l a n e t ,  B o i s s e  e t  a l . ,  2 0 1 2 ;  D u m u s q u e  e t  a l . ,  2 0 1 4 ) ,
w e  s i m u l a t e  t h e i r  i m p a c t  o n  t h e  R V  s i g n a l  a n d
c o m p a r e  t h e  r e s u l t s  w i t h  s o l a r  d i s k - i n t e g r a t e d  R V  d a t a
f r o m  H E L I O S ,  t h e  s o l a r  t e l e s c o p e  f e e d i n g  H A R P S .  

O u r  r e s u l t s  i n d i c a t e  s i g n i f i c a n t  R V  v a r i a t i o n s  i n d u c e d  b y  t h e  c o m b i n a t i o n
o f  b o t h  s p o t s  a n d  f a c u l a e ,  w i t h  s e m i - a m p l i t u d e s  r e a c h i n g  u p  t o  6  m / s , T h e
c o m p a r i s o n  o f  s i m u l a t e d  R V s  w i t h  o b s e r v a t i o n a l  d a t a  f r o m  t h e  H E L I O S
s o l a r  t e l e s c o p e  r e v e a l s  a  c l o s e  r e l a t i o n s  b e t w e e n  t h e  t w o  t r e n d s ,  w i t h  a n
s t d  o f  1 . 4 4  m / s .  O u r  r e s u l t s  a p p e a r  s l i g h l t y  l a r g e r ,  p r o b a b l y  d u e  t o
d e t e c t i o n  m e t h o d .

RVs simulation for the combination of spots and faculae compared with HELIOS data
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