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• Have a look at the data! (Also see the document with explanations!)  

• Play around. Plot different things.  

• Can I compare data regarding a certain physical quantity?  

• Simulations: 

• With magnetic field compared to without magnetic field?  

• Different stellar models (Teff, spectral type)  

• Observations: 

• What are the differences (in terms of intensity) inside a sunspot and outside (Quiet 
Sun)?  

➡ Are there any differences that depend on different magnetic field strength?  

• How does the imaged region look in the spectral line core compared to the 
continuum?  

➡What are the differences and similarities? What do I learn from that? 

What can I do with the data?
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• Simulation vs observation 
• Can I explain the observations by comparing the synthetic (simulated) intensities with 

the observed ones?  

• By looking at the 3D simulation data, can I explain how the intensity is formed?  

➡Which properties can / cannot be derived from the observations?  

➡What should I be looking for in the observational data?  

➡ Can I suggest an explanation of the physical mechanisms with help of the simulation 
data?  

• Time-dependent simulation 
• Exploit the time domain to understand the physical mechanism that produces the 

structure and dynamics seen in the model. 

➡ Provide / suggest a description (of the essentials) of the physicsal mechanism 

What can I do with the data?
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• What are the properties of solar granulation and what does it tell us about surface convection 
on the Sun? 
➡ Can I determine the velocity field? 
➡What are the differences between Quiet Sun and sunspots?  
➡What does that imply for the role of the magnetic field in structuring the atmosphere?   

• What is (3D/height-dependent) magnetic field topology of sunspots?  

• How is reversed granulation produced?  

• What is the origin of bright points in the Quiet Sun?  

• How do the properties of small-scale surface convection change across the main sequence?  

• How well do the simulations reproduce the granulation and emergent intensity from the 
photosphere? 
➡ Continuum intensity? Spectral lines?   

• What are the physical processes driving magnetic tornadoes?  

• How are the global stellar parameters connected and what can I learn from that regarding 
stellar evolution / populations / structure?  

Scientific questions
Scientific questions
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• Do I have all the necessary data to address the scientific question?  

• Yes - How are my data analysis steps?  

• No - How can I adjust the question to make it feasible with the available data?  

• This is your tentative scientific question! You can adjust the question during the next 
week according to the results of your data analysis.  

• It is important to define a (rough) initial question to have a direction to start!  

• Keep playing around with the data. Be curious and advantageous.  

• Never belief results at face value but try to understand why!  

• The aim is to plan a small research project and summarise the results in a report similar to a 
scientific journal article.  

• You are not expected to produce novel results!  

• A negative conclusion is a conclusion, too.  

• If no firm conclusion can be drawn, one can suggest possible explanations. In addition, 
you could suggest future work (observations, simulations) that should be done to answer 
the question. 

Important considerations
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• What data do I have? 

 

• Not the same sunspot and slightly different inclination angle (close enough) but the data 
sets provide different height ranges (sampled from line core to continuum)  

➡Height information is imprinted!  

• How to start the data analysis?  

• Measure the area of the umbra as a function of wavelength.  

• Width of fibrils?  

• Extra data: SDO/HMI magnetogram (can be found and retrieved with jhelioviewer).

What is (3D/height-dependent) magnetic field topology of sunspots? 
Example 1— Sunspot 
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Solar observations (SST) — obssun_sst3  
Example 1— Sunspot 

Umbra

Penumbra

Continuum — photosphere Line core — chromosphere
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Solar observations (SST) — obssun_sst4 
Example 1— Sunspot 

Continuum — photosphere Line core — photosphere
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• This is more a technical question and should be refined into a scientific question. 

• However, it would still provide a starting point for a looking at data with the aim to define a 
more specific question. 

• Which data? Simulation and observation only available for the Sun (continuum and spectral 
line). 

• Ideas for a comparison - histograms for the continuum intensity (or Doppler velocity) 

• Histograms different! Why is that? Due to the impact of the telescope (limited spatial 
resolution)?  

• Can this be verified by convolving the simulation data with a Point Spread Function 
(PSF) to simulate an artificial observation? (PSF as a Gaussian with a width according the 
spatial resolution for SST - a telescope 1m aperture.) 

• Doppler shifts in the spectral line data - Are the simulations reproducing this well?  

• If yes, can I look into the 3D velocity data in the model and make some conclusions 
regarding the gas motions due to surface convection?  

• Paper for inspiration: https://ui.adsabs.harvard.edu/abs/2009A%26A...503..225W/abstract 

How well do the simulations reproduce the granulation and 
emergent intensity from the photosphere?

Example 2 — Simulation vs observation

https://ui.adsabs.harvard.edu/abs/2009A%26A...503..225W/abstract
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Solar observations (SST) — obssun_sst1  
Example 2 — Simulation vs observation

• Simultaneous with dataset obssun_sst2!

Continuum — photosphereLine core — photosphere

Granulation
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•  Time-dependent data  

• Careful: More data to handle! But 
also a lot of possible results to 
work with!  

• ADS: 2012Natur.486..505 W, 
2014PASJ…66S..10W;  

• Review paper: https://
ui.adsabs.harvard.edu/abs/
2023SSRv..219....1T/abstract

What are the physical processes driving magnetic tornadoes?
Example 3 — Magnetic tornadoes

• How to analyse the temporal evolution?  

• Movies … but how to visualise this in an article? Sequence of images?! (See next slide) 

• Measure a quantity (e.g., diameter of ring-link shape; average horizontal velocity) as 
function of time and plot that? 

https://ui.adsabs.harvard.edu/abs/2023SSRv..219....1T/abstract
https://ui.adsabs.harvard.edu/abs/2023SSRv..219....1T/abstract
https://ui.adsabs.harvard.edu/abs/2023SSRv..219....1T/abstract
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What are the physical processes driving magnetic tornadoes?
Example 3 — Magnetic tornadoes

Observations! 
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What are the physical processes driving magnetic tornadoes?
Example 3 — Magnetic tornadoes
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• Statistical study 

• A desperate way to start: The everything-against-everything plot 

• Just a scatter - no clear correlation … 

• A notable trend - probably some physical reason for that! (Teff vs L, mass vs radius etc). 

• Linear trend? Can I fit a linear relation to that? Can I interpret this relation?  

• Can I identify groups of data points? Why would there be groups? What do these stars 
have in common?  

• Spectral energy distribution 

• How well does a black body spectrum fit?  

• What do I learn from the deviations for certain wavelength ranges? (See, e.g., https://
ui.adsabs.harvard.edu/abs/2021A%26A...655A.113M/abstract) 

How are the global stellar parameters connected and what can I learn from that regarding stellar 
evolution / populations / structure?  

Example 4 — Statistics 

https://ui.adsabs.harvard.edu/abs/2021A%26A...655A.113M/abstract
https://ui.adsabs.harvard.edu/abs/2021A%26A...655A.113M/abstract

