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Evolution of the Universe in 1 slide

Big Bang - ,

Camilla Juul Hansen

Big Bang
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Neutral H

The first stars Supernovae (SN)
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The first Supernovae
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Mergers
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stars & binary
systems

The Sun and Earth

Image: C. J. Hansen & R. Diehl
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What can we observe?

B Ground Not measurable
M Isotopes W Space

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Spectral analysis

Kirchhoff
&
Bunsen
~1860

Image: H. Roscoe; https://www.uni-
heidelberg.de/de/newsroom/laboratorien-kirchhoff-und-bunsen-
werden-historische-erinnerungsstaette-der-physik

! f

Hydrogen Sodium

Dispersion of Light Through Prism

Light Dispersed Into
Component Colours
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Light Source Slif

Prism

https://lab-training.com/2017/09/26/understanding-of-light-dispersing-elements-in-a-spectrometer/
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Magnesium

Image: https://science.nasa.gov/ems/09_visiblelight
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Our reference star — the Sun
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Image: scottamyx.com, https://bestleader-intl.weebly.com/solar-energy-and-solar-window-film.html
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Temperature in Stars
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Information from Stars

RA=146.91375, DEC=—0.64448, MUD=51630, Plate= 266, Fiber= 15
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http://skyserver.sdss.org/drl/en/get/specByld.asp?ID=75094093029441536
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Spectral analysis
& prism
Data reduction

spectrum
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Solar spectrum & Information

Solar Spectrum

May 2014
4 54 HZ Fe 'HB Mg 'Nal ()2 BASS - http://jazzistentialism.com/blog/?p=1083 |
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Spectral analysis

l
Wy = / Fe— f/\ d\. Equivalent Width (EW or W)

0.2

o0l 1.
15  —10
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Wavelength (A)

Image: http://www.bdnyc.org/2012/03/spectral-line-measurements-visualized/ Camilla J. Hansen, |AP, Goethe Univ. Frankfurt



Density (counts)

Relative flux

Relative flux

v p— T T arney
I R =400

800 HES /ﬁ\ 1
r CH [

600} Cak | ]
: |

400F  HE 0107-5240 ]

200f th“f’H d

D: ]W | 1 i
3500 4000 4500 5000

D e AR n s e AR~
X CH ]
e HE 0107-5240 a

2.0:\(‘4M M
r | a

1.5F CaK | n
C (+CHQ13) _

1.0 [ M [Pt e ]
Y v ’ \ CD-38245 | .

0.5F R = 2000
C §S0 2.3m/DBS ]

0”.. ' BT ET A B ST AT ST AR S NS i ST A ST ST A A ST E

1.5

1.0

0.5

3900

IERANBAEES RALEE REAREE LR

Al aay

]
]

4000 4100 4200 4300 4400

HE 01 07 5240

l CaKl CD 38 245
U v \ [/ R=40,000
VLT-UT2/UVES

e e s s o aa d e s a ¥l s s a sl

3920

3925 3930 3935
Wavelength (A)

Old stars vs the Sun

5 Mgl Fell FelMgl Mgl

CD -38 245

Relative Flux

TN T N N M 48 T A T T N M Y A

N | | 4 01075240

TN T T T T T T N A TN N A T A O
5165 5170 5175 5180 5185 5190
Wavelength [A]

Beers & Christlieb 2005, ARA&A

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Spectral analysis

flux

Norm.

Blue vs visual spectra
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Analysing UV-Linies

Wikipedia
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The Milky Way and its stars

* Tracing the r-process is
easies% in oldpmetal-poor > ANATOMY OF THE MILKY WAY gcesa

stars = chemically
speaking simpler

¢ I\/_IajOr COmponentS: HalO, 3 a e | 7GIobuIarclusters
disks, bulge ]

e Old starsin halo & bulge

\Stellar halo

* Observational pros/cons

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Spectral analysis

Tools of the

astronomer/
spectroscopist:
* Spectra 2

(observations) : .
 Stellar models: 200

Temperature,

646000676492 0.9937599

pressure, etc. Interpolation point : Tefi~ 5044, logg= 2.7 2= Ovi- 1.10 M/H- 0.21

« Atomic data " 6i92 6494 6496 6498

Wavelength

o P rog ra m S Image: C. J. Hansen



Stellar abundances :

0.8

* Two ways of deriving stellar abundances W

accurately:
Equivalent widths & spectrum synthesis oal

0.0

* Absolute and relative abundances: T R

Wavelength (A)

"Amount” of absorbers in a stellar atmosphere, normalized to a
reference value. It reflects the atmosphere's chemical composition.

Ny ) — W Ve For more details on stellar
= Absolute abundance logA(X) = logy, (N_H) + 12 parameters and abundances:
Qo
. - N - S https://www.youtube.com/w
= Abundance ratio [x/y] = log,, (N—’;) ~ log,, (N—’:) atch?v=M_Mmx9JXymE
* O]
. = SNAQs by A. Koch-Hansen
- The Sun: [X/¥Y] =0 AKoch-Hansen |

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt


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

Abundances (A)

log | = log constant — o | HlogAd +logg fA—6 x—logk,

mc? u( T
=logC +logA4 +logg fA—0_x—logk.. (16.4)
‘ ‘ A:;EIC ‘ Absorption
EW Const. Abundance . Temp. coefficient >
Equivalent (oscillator pressure/logg
strength)

width

See Linda’s and
Arthur’s talks

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Atomic data

> Li:only at 6707 A, (6103 A).
- Mg: broad range of lines across blue to near-IR

e Excitation (e.g., 4571 A ... 8808 A) + H-band region of APOGEE.
potentials —e
Line lists:
]
OSCIlIator - VALD ( http://vald.astro.uu.se/)
strengths > NIST ( https://physics.nist.gov/PhysRefData/ASD/lines_form.html )
Main Parameters Spectrum mg eg,Fe IorNa;Mg; Alormg i-iii or198Hg I
¢ Wavelength Limits for waveiengths 1 m 5700
coverage Wavelength Units: + |,

* Line selection

A.Koch-Hansen SNAQs

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



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

N N
[X/Y] = log, (N);) - 10810( X)

Beyond 1D, LTE = A. Gallagher’s talk & SNAQs

https://events.hifis.net/event/214/contributions/1041/attachments/234/676/SNAQ_2021_11 4
_Andrew_Gallagher.pdf

K . -30 -25[ -2; ]-';5 -1.0 =05
Fe/H
Camilla J. Hansen, IAP, Goethe Univ. Frankfurt
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Recall — What can we observe?

B Ground Not measurable
M Isotopes W Space

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Chemical Evolution of the Milky Way

€ Big Bang

The Sun ([Fe/H]=0)

Looking back
Chemical
* Traces of SN la ([Fe/H] >~ -1) concentration
CS 22897+052 . % %
* AGB stars ([Fe/H] >~ -2.5?) o 1 s
o - ' ATy 3 / The Sun as
= oF o < reference:
* NSM (NS-NS merger) @ F ] [X/Fe]=0
e Core-collapse supernovae : . ]
: R . 90 o 1 Hansen et
) N S e e ] al. 2012
[Ba/Fe] = log(Ba)«- log(Ba)e - (log(Fe)-- log(Fe)e) —4 3 —2 1 0
[Fe/H]

4
Camilla J. Hansen, IAP, Goethe Univ. Frankfurt See Marta’s talk



How do heavy elements form?

» Stars form up to Fe
during their lives

1 [*He fission

»Heavier atoms have
larger positively charged

nuclei that repel protons
PELP AT e
fusion

2H 3H e~ C. Baker,

https://medium.com/@chrisbakerphysics/teaching

Negative of binding energy per nucleon (MeV)

> E I e‘ I Ie nts > Fe I I Iost | y 2D .J hz?gsszi;/sr-;igsca)Irc_)zrlal;fe%euz/zsiléi/cheerpj/nuclear—
1 physics/latest/nuclear-
f . ? 1 physics.html?simulation=nuclear-fission
orm via neutron captures L He T
2030 66 80 _”1'06'_’156_'1'*'0‘_1'6'6 _'186"__2'66—‘2’26—“250

Mass number (A)
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https://medium.com/@chrisbakerphysics/teaching-physics-nuclear-411730e22149

Neutron capture & decay

® + ¢+ —> O +

Protons
AZ e P
12
Sb Sb
112 122 124
Sn Sn
In |
I Nuclear reactions
Cd Cd K
., beta decay (B~)
Ag ¢
N —4@) neutron capture
Neutro: https://en.wikipedia.org/wiki/S-process

Camilla J. Hansen, IAP, Goethe Univ. Frankfurt



Nuclear reactions

Stable nuclei
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See Tanja’s talk

Timmes/Schatz 2016



The Periodic Table — n-capture processes

r- and s-process elements (Arlandini+1999)
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Stable nuclei

Nuclei known
Neutron star crust©® eXist

process
20 28 50 82 126
Number of Neutrons Schatz et al
—_— .

Figure 1. Schematic overview of the nuclear processes in the universe on the
chart of nuclides (adapted from figure by F. Timmes).



Heavy element abundances

* Different stars show different patterns

e Some elements differ more than others

Relative log €

Aloge€

Alog €

-10 [~

Individual stellar abundance offsets with respect to Simmerer et al. (2004) —

c

Average abundance offsets with respect to Arlandini et al. (1999) “stellar model” —

Large
residuals for
Z=30-50 >
Solar-s=r
nhot
sufficient!
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