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Updated schedule
Practical information

mandag 10:15-12:00 Forlesning 1 rom 304 

tirsdag  /

onsdag 14:15-16:00 Gruppeundervisning rom 304 

torsdag 10:15-11:45 Forlesning 2 rom 304 
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• Delivery via devilry (more information soon)   

• Assignments to prepared using the provided latex templates:  

/mn/stornext/d9/svenwe/lecture/AST5770/data/assignment/assign1/

• Preparatory exercises for training 

1. Literature research with ADS  

• Download bibtex items and use them in latex   

2. Loading and plotting a reference model (VALC) 

3. Use the helioviewer tool   

4. First look at the provided observation and simulation data 

• First steps towards the !nal project assignment  

• Tentative science question, work plan, and reading list 

• Important: Just to get started! Can be updated! 

First mandatory assignment
Assignments
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• §

Introduction to the Astrophysics Data System (ADS)
Literature research https://ui.adsabs.harvard.edu/

https://ui.adsabs.harvard.edu/
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• Main directory:                              /mn/stornext/d9/svenwe/lecture/AST5770/ 

• Sub-directories/content:  

• Data:                                     data/

• Templates 4 assignments:     assignment/

• First assignment:                assignment/assign1/ 

• Latex:                                    assignment/latex/ 

• Further information:       assignment/AST5770_projectassign.pdf

• Who uses python? Who IDL? 

• Note that order of dimensions in data cubes can be !ipped!

Data / material for assignments 
Practical information
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Corona
Transition region

Chromosphere
Photosphere

Convection zone
Radiative zone

Core

Atmosfæren

15 000 000 K

     5 770 K
10 000 K

~100 000 K

  Atmosphere

Stellar structure — The Sun
AST5770 - UiO - S. Wedemeyer

>1 000 000 K

A brief recap of the stellar interior  
will be provided in one of the 

next lectures.
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•

Overview
The solar atmosphere

SOHO (ESA & NASA)
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• A plethora of phenomena with di!erent names  

• Names often depend on the region/layer where phenomenon occurs (if known/limited to 
that) or the wavelength domain in which it is observed  

• Names are often given upon discovery without understanding the physical mechanism 
behind — names not always meaningful  

• Careful: Sometimes di!erent names just refer to di!erent aspects of the same phenomenon 
or observable imprints in di!erent parts of the spectrum

Solar “zoology” 
The solar atmosphere
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Di"erent regions — photosphere
The solar atmosphere

Active Region 
(Large) area with strong 

magnetic "eld  

Sunspot 
Areas of concentrated very 

strong "eld, appear dark

Umbra 
Central compact part, dark 

Penumbra 
Surrounding, "lamentary 

Faculae   
bright ("lamentary) areas  

Quiet Sun 
Outside Active Regions, 
weaker magnetic "eld

Network 
Concentrations of strong 

magnetic "eld, "lamentary/
mesh-like

Inter-network 
Areas with weak magnetic 
"eld inside network cells
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Di"erent regions — chromosphere
The solar atmosphere

Active Region 
(Large) area with strong 

magnetic "eld  

Sunspot 
Areas of concentrated very 

strong "eld, appear dark

Umbra 
Central compact part, dark 

Penumbra 
Surrounding, "lamentary 

Plage    
bright area, higher 

temperature, often proceeds 
formation of sunspots 

Quiet Sun 
Outside Active Regions, 
weaker magnetic "eld

Network 
Concentrations of strong 

magnetic "eld, "lamentary/
mesh-like

Inter-network 
Areas with weak magnetic 
"eld inside network cells
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The solar atmosphere

Solar Dynamics Observatory SDO/NASA

• Solar atmosphere 

highly dynamic 
intermittent  
dynamically coupled 

• Structured on               
large range of spatial 
scales,                            
down to (at least)              
0.1 arcsec  

• The Sun is dynamic on 
short timescales            
(down to seconds) 

• Plethora of processes. 

• Great plasma physics 
“laboratory”



HOW TO OBSERVE THE SUN?

Active Region 
(sunspots)

Quiet Sun 
(“normal” granulation)

• Different continua and spectral lines probing                                                          
different plasma properties in different domains/layers 

➡Multi-wavelength co-ordinated space-borne/ground-based campaigns as 
standard in modern solar physics

Solar Dynamics Observatory SDO/NASA
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The solar atmosphere

Solar Dynamics Observatory SDO/NASA

➡Multi-wavelength co-ordinated space-borne/ground-based campaigns as 
standard in modern solar physics

Solar Dynamics Observatory SDO/NASA
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• Space telescope(s) with several instruments (since 2010)  

• Helioseismic and Magnetic Imager (HMI)  

• Provides magnetograms  

• Atmospheric Imaging Assembly (AIA) 

• Many di!erent "lters (distributed over 4 telescopes) that map di!erent layers                    
(or more precisely temperature ranges) in the solar atmosphere  

• 12s cadence 

Solar Dynamics Observatory (SDO) 
The solar atmosphere
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• Atmospheric Imaging Assembly (AIA) 

• Maps e!ectively di!erent layers in the 
chromosphere and corona 

Solar Dynamics Observatory (SDO) 
The solar atmosphere
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• web-based version: https:// helioviewer.org/  

• downloadable application:  https://www.jhelioviewer.org/    (has more functions) 

Interactive exploring — helioviewer
Preview - The solar atmosphere

https://www.jhelioviewer.org/
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• RA/Dec does not make sense for relative coordinates on the Sun as the Sun itself is moving 
with respect to the sky background 

• Relevant coordinates for the Sun shown at the bottom of the helioviewer window! 

Solar coordinate systems 

Heliographic coordinates (Stonyhurst) Heliocentric coordinates (Cartesian)

See https://fits.gsfc.nasa.gov/wcs/coordinates.pdf

https://fits.gsfc.nasa.gov/wcs/coordinates.pdf
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• Observations are projected against the celestial sphere 

• Observer-centric system with projective angles and solar disc-centre as origin 

Helioprojective Cartesian Coordinates
Solar coordinate systems 

See https://fits.gsfc.nasa.gov/wcs/coordinates.pdf

https://fits.gsfc.nasa.gov/wcs/coordinates.pdf
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• Semi-empirical models  

• Starting with a model atmosphere that describes the strati"cations of relevant properties 
such gas temperature, density etc.  

• Calculate the emergent intensity for di!erent continua and spectral lines  

• Compare to observations  

• Adjust the model atmosphere  

• Repeat until the observations are (overall) reproduced as accurately as possible   

• Very well known: VAL: Vernazza, Avrett, Loeser (1981) 

• One-dimensional!  

• Several models and updates/modi"cations  

• Widely used as a reference 

Semi-empirical model atmosphere
The solar atmosphere
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The solar atmosphere
Semi-empirical 
model 
atmosphere

VAL: Vernazza, Avrett, Loeser (1981)
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Semi-empirical 
model 
atmosphere

The solar atmosphere

VAL: Vernazza, Avrett, Loeser (1981)
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Semi-empirical model atmosphere
The solar atmosphere

VAL: Vernazza, Avrett, Loeser (1981)
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The solar atmosphere
VAL Model C (1981)Semi-empirical model atmosphere
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• Data: /mn/stornext/d9/svenwe/lecture/AST5770/data

Overview
Data for assignments 

ref   Reference model, solar atmosphere (Vernazza et al. 1981), model C 
obs_sunspec  Observed spectrum of the Sun (Neckel & Labs 1994) 

obssun_sst1  
obssun_sst2 
obssun_sst3  
obssun_sst4 

Observations of the Sun with the Swedish 1-m Solar Telescope (SST)

obs_starcat
obs_starcat/SED

Catalogue with stellar parameters 

Spectral Energy Distribution for di!erent stars 

simsts_F5V  
simsts_K2V    
simsts_K8V  
simsts_G2V  
simsts_K5III  
simsts_M3V

3D numerical simulations for di!erent stellar types, 1 snapshot each  

• Volume data  

• Continuum intensity  

• Spectral line data 

simsut_G2V 
Time series of 2D slices extracted from a 3D numerical simulations of 
the Sun (in production)
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• Semi-empirical atmospheric model of the Sun by Vernazza, Avrett, and Loeser (1981) 

• Provided: Model C  for Quiet Sun conditions (referred to as VAL C) 

• For comparison and/or as reference for observational and simulation data sets. 

• /mn/stornext/d9/svenwe/lecture/AST5770/data/ref/ val81c.h5

• HDF5 the following tags:  

DESCRIPTION     H     _data     z: Geometrical height above the photospheric
   H               …                 level with h=0km where the continuum optical
   I               …               depth tau_500=1
   M                             
   N_E                  
   N_H                  
   P_TOTAL    
   PFRAC      
   RHO        
   T          
   TAU500     
   UNIT            H     _data     km
   V               …     
   H               …

Reference model
Data for assignments 
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• Semi-empirical atmospheric model of the Sun by Vernazza, Avrett, and Loeser (1981) 

• Provided: Model C  for Quiet Sun conditions (referred to as VAL C) 

• For comparison and/or as reference for observational and simulation data sets. 

• /mn/stornext/d9/svenwe/lecture/AST5770/data/ref/ val81c.h5 

• For the beginning only VAL C is provided. 

• More models (VAL A — F) and others can be added soon 

Reference model
Data for assignments 
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• Data from Neckel and Labs (1984) - measurement spectrum of the Sun (function of 
wavelength) 

• Flux: at solar disc-centre (FC) and averaged over the solar disc (F), wavelength (LC) 
• Intensity: at solar disc-centre (IC) and averaged over the solar disc (I), wavelength (LC) 

• /mn/stornext/d9/svenwe/lecture/AST5770/data/obssun_spec/obssun_spec_NL94.h5

• HDF5 the following tags:  

   DESCRIPTION
   F               
   FC              
   I               
   IC              
   LF             
   LI              
   TAGS            
   TLF             
   TLI          

Solar spectrum
Data for assignments 

Intensity* at solar disc-centre 

Intensity* averaged over solar disc

Blackbody Te! = 5778 

* averaged over 2-nm bands Stix (2002)
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• Swedish 1-m Solar Telescope (SST) 
• Time series for di!erent continua and spectra are o!ered for di!erent solar targets.  
• Intensity in units of instrumental counts (no absolute physical units!) 

• Files are in HDF5 format and contain a description, coordinates (relative within the 
provided "eld of view), wavelengths, and time. 

Data / material for assignments — solar observations
Data for assignments 
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Solar observations (SST) — obssun_sst1  
Data for assignments 

• Simultaneous with dataset obssun_sst2!

Continuum — photosphere Line core — photosphere

Granulation
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Solar observations (SST) — obssun_sst2  
Data for assignments 

• Simultaneous with dataset obssun_sst1!

Line wing-(middle) photosphere Line core — chromosphere
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Solar observations (SST) — obssun_sst3  
Data for assignments 

Umbra

Penumbra

Continuum — photosphere Line core — chromosphere
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Solar observations (SST) — obssun_sst4 
Data for assignments 

Continuum — photosphere Line core — photosphere
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• Caution: Coordinates and rotation! 
• The coordinates are approximate for the telescope pointing 
• Typically near the centre of the "eld of view (FOV) 
• Typically at the beginning of the observation  
• Can di"er from the correct(ed) helioprojective coordinates by a 

few arcseconds!  
• The FOV can be rotated with respect to the helioprojective 

coordinate frame  

• Usually: FOV is co-aligned with a reference image, e.g. SDO 

• SDO coordinates are corrected   
• Co-alignment easier if there are prominent features in both 

images  (e.g. a sunspot) 
• Co-alignment can be hard and unreliable in absence of 

prominent features!  
• “Fun” experiment: Compare the SST FOVs with SDO 
• Correct co-alignment is not expected for the project 

assignment! 

Solar observations — coordinates
Data for assignments 
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• Caution: Coordinates and rotation! 
• The coordinates are approximate for the telescope pointing 
• Typically near the centre of the "eld of view (FOV) 
• Typically at the beginning of the observation  
• Can di"er from the correct(ed) helioprojective coordinates by a 

few arcseconds!  
• The FOV can be rotated with respect to the helioprojective 

coordinate frame  

• In addition:  

• The FOV of di!erent telescopes vary  

• SST ~60” x 60” (Note: smaller close-up regions are provided for 
the assignments)  

• Sun rotates! Following the same feature on the Sun needs 
following of the solar rotation (slow but notable after 1h) 

• The quality of images can vary over time (“seeing” due to 
Earth’s atmosphere)

Solar observations — coordinates
Data for assignments 
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• obs_starcat/obs_starcat.p contains catalogue with (mostly empirical) parameters for 
79 stars 

• Can be loaded as a table in python. Some hints:   

assignment/AST5770_projectassign.pdf

Stellar catalogue
Data for assignments 
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• obs_starcat/obs_starcat.p contains catalogue with (mostly empirical) parameters for 
79 stars 

• Can be loaded as a table in python. Some hints:   

assignment/AST5770_projectassign.pdf

• For some stars #uxes at selected frequencies (mm-radio range) 

Stellar catalogue
Data for assignments 
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• obs_starcat/obs_starcat.p contains catalogue with (mostly empirical) parameters              
for 79 stars 

• Can be loaded as a table in python. Some hints:  assignment/AST5770_projectassign.pdf

Stellar catalogue
Data for assignments 
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Stellar observations — Spectral Energy Distribution (SED)
Data for assignments 

• obs_starcat/SED contains "les for all 79 stars with SEDs 

• Can be loaded in python. Some hints:  assignment/AST5770_projectassign.pdf

from astropy.io.votable import parse_single_table
sed = parse_single_table(datafile).to_table()
list(sed.columns)
freq=sed['sed_freq']
flux=sed[‘sed_flux']
error=sed[‘sed_eflux']
…

̣ See also: obs_starcat_SED_info.txt
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• Complicated spatial structure of the solar atmosphere requires modelling in 3D  

• Small part of the atmosphere plus upper convection zone to drive dynamics self-
consistently 

• Computational grid, advanced time step by time step  

• Solving equations of (magneto)hydrodynamics with “realistic” equation of state plus              
radiative transfer (simpli"ed with pre-calculated opacity look-up tables)  

3D radiation magnetohydrodynamics
Numerical simulation



AST5770 - UiO - S. Wedemeyer

The solar atmosphere

intensity 
synthesis 

code

numerical model

• Predictions by means of synthetic intensity maps calculated from     
3D radiation magnetohydrodynamic simulations       

3D radiation magneto-
hydrodynamic code

3D radiative transfer calculations  

synthetic 
continuum 
intensity 

maps
+ 

time series

Synthetic observations — radiative transfer 
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• Di!erent 3D simulation data for di!erent spectral types are available  
• names starting with simsts, only one snapshot per model is available.  
• For most spectral types: two models for same spectral type but with di!erent initial 

magnetic "eld strength B0  
• See assignment/AST5770_projectassign.pdf

Overview
Numerical simulations
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• HDF5 "les

Overview
Numerical simulations
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• Synthetic observables in each folder: 

• *_continuumintensity.h5: continuum intensity for wavelengths 300 nm — 5.0 μ m  
• theoretical continuum: under assumption of local thermodynamic equilibrium, no 

spectral lines.  
➡Di!erences with respect to real observations should be expected  
• intensity data provided as function horizontal coordinates (x and y, identical to those 

in the "les described above) and wavelength λ .  
• See the description and unit tags.  

• *_lineintensity_FeI6173.h5: intensity for the Fe I 6173 line (neutral iron, 617.3 nm) 

• di!erence with respect to the continuum intensity "les: spectral line "les contain 
intensity as function of wavelength across a narrow region around the nominal 
central wavelength λ0 of the line.  

• In addition, the theoretical continuum at λ0 (calculated as if there was no line) 

Overview
Numerical simulations
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Numerical simulations

Granule

Intergranular lane
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations
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Numerical simulations

x [106 km]

y 
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06
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