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The Night sky
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What can we observe?
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Spectral analysis
Kirchhoff 

& 
Bunsen
~1860 https://lab-training.com/2017/09/26/understanding-of-light-dispersing-elements-in-a-spectrometer/

Image: https://science.nasa.gov/ems/09_visiblelight

Image: H. Roscoe; https://www.uni-
heidelberg.de/de/newsroom/laboratorien-kirchhoff-und-bunsen-
werden-historische-erinnerungsstaette-der-physik
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Image: scottamyx.com, https://bestleader-intl.weebly.com/solar-energy-and-solar-window-film.html

Our reference star – the Sun
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Temperature in Stars

Image: 
https://en.wikipedia.org/wiki/
Black_body
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Information from Stars

Spectra: 
Temperature

Pressure 
‘Metallicity’
Chemistry
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Spectral analysis
&

Data reduction

Na ~ 590nm

Mg ~ 517nm 

Image: https://apod.nasa.gov/apod/ap180926.html

C. J. Hansen
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Solar spectrum & Information
BASS - http://jazzistentialism.com/blog/?p=1083
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Spectral analysis

Image: http://www.bdnyc.org/2012/03/spectral-line-measurements-visualized/

Equivalent Width (EW or W)
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Old stars vs the Sun

Beers & Christlieb 2005, ARA&A
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Spectral analysis
Blue vs visual spectra

Images: C. J. Hansen
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Analysing UV-Linies

Silver (Ag, Nr. 47)

Hansen et al. 2012

Wikipedia
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The Milky Way and its stars

• Tracing the r-process is
easiest in old metal-poor
stars à chemically
speaking simpler

• Major components: Halo, 
disks, bulge

• Old stars in halo & bulge

• Observational pros/cons

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Spectral analysis

Tools of the 
astronomer/   
spectroscopist:

• Spectra 
(observations)

• Stellar models: 
Temperature, 
pressure, etc.

• Atomic data
• Programs Image: C. J. Hansen

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Stellar abundances
• Two ways of deriving stellar abundances 

accurately: 
Equivalent widths & spectrum synthesis

• Absolute and relative abundances:

For more details on stellar 

parameters and abundances:

https://www.youtube.com/w

atch?v=M_Mmx9JXymE

SNAQs by A. Koch-Hansen
A.Koch-Hansen

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt

https://www.youtube.com/watch?v=M_Mmx9JXymE


Abundances (A)

EW
Equivalent 

width

Const. Abundance

Atomic
data 

(oscillator 
strength)

Temp.
Absorption 
coefficient à
pressure/logg
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See Linda’s and 
Arthur’s talks



Atomic data

• Excitation 
potentials

• Oscillator 
strengths

• Wavelength 
coverage

• Line selection

A.Koch-Hansen SNAQs
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Abundance assumptions

• Stellar atmospheres are assumed to be 
in Local Thermodynamic Equilibrium 
(LTE) and 1-D.
• Velocity distribution Maxwellian, 

excitations & ionisations described by 
Bolzmann & Saha equations, and one 
local T describing the stellar atm. layer

Hansen+2020

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt

Beyond 1D, LTE à A. Gallagher’s talk & SNAQs
https://events.hifis.net/event/214/contributions/1041/attachments/234/676/SNAQ_2021_11_4
_Andrew_Gallagher.pdf



Recall – What can we observe?
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Chemical Evolution of the Milky Way

• The Sun ([Fe/H]=0)

• Traces of SN Ia ([Fe/H] > ~ -1)

• AGB stars ([Fe/H] > ~ -2.5?)

• NSM (NS-NS merger)

• Core-collapse supernovae

The Sun as 
reference:
[X/Fe]=0

Looking back
SN II+
NSM+
AGB+
SN Ia

SN II+
NSM+
AGB

SN II
+

NSM?

Single 
SN II?

Big Bang

Hansen et 
al. 2012

Chemical
concentration

[Ba/Fe] = log(Ba)* - log(Ba)¤ - (log(Fe)* - log(Fe)¤)

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt See Marta’s talk



How do heavy elements form?

ØStars form up to Fe 
during their lives 

ØHeavier atoms have 
larger positively charged 
nuclei that repel protons 

ØElements > Fe mostly 
form via neutron captures

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt

C. Baker, 
https://medium.com/@chrisbakerphysics/teaching
-physics-nuclear-411730e22149
https://phet.colorado.edu/sims/cheerpj/nuclear-
physics/latest/nuclear-
physics.html?simulation=nuclear-fission

https://medium.com/@chrisbakerphysics/teaching-physics-nuclear-411730e22149


Neutron capture & decay

https://en.wikipedia.org/wiki/S-processNeutrons

Protons
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Nuclear reactions

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt

Timmes/Schatz 2016

Unknown 
Reactions!

See Tanja’s talk



The Periodic Table – n-capture processes

Schatz et al. 
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Heavy element abundances
• Different stars show different patterns
• Some elements differ more than others

^Møller et al. 1997; v Sneden et al. 2008

Large 
residuals for
Z=30-50 à
Solar-s=r

not 
sufficient!

Sneden et al. 2008
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Stars – and why we observe them!

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt

R-Process

Th & Eu à Age

Fl
ux

Old stars provide the first insight 
into how heavy elements were 

created. These are ‘frozen’ in the 
stellar surfaces and today allow 
for studies of nucleosynthetic 
events that occurred 13 billion 

years ago.

GCE


