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Universum & Kosmologie
— Was ist in den letzten 14 Mrd. Jahren im Universum passiert?

— Wie sieht die Zukunft unseres Universums aus?

— Auf der Suche nach dem Ursprung aller Elemente

b Nukleare Astrophysik

Kurzer Einblick in eigene Forschung
— Das Felsenkeller-Untertagelabor in Dresden
— Virtuelle Tour durch die Stollenanlage
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Kern- und Teilchenphysik
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Was die Welt im Innersten zusammenhalt

> GroRenskalen im Universum

Biologie
~102m
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Was die Welt im Innersten zusammenhalt 5

> GroRenskalen im Universum
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Was ist in den letzten 13.8 Milliarden Jahren so passiert?
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Particle Data Group, LBNL© 2014 Supported by DOE
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Nukleare Astrophysik
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Chemische Zusammensetzung des Universums

» Wie, wann und in welchen Mengen wurden die Elemente unseres Universums gebildet?

1 18
1A VIIA
1A . . 8A
1 Periodic Table of the Elements 2
H 2 13 14 15 16 17 He
Hydroge: oA mA VA VA VIA VIA Helium
008 2A ELY 4A S5A 6A TA 400:
3 4 5 6 7 8 9 10
Li | Be B | C N| O F | Ne
1 12 13 14 15 = 16 : 17 = 18
Na | Mg 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
Magnesium ms B vB vie vie v . us Aluminum Silicon Phosphorus. Sulfur Chlorine Argon
24305 3B 48 5B 68 78 ¥ 8 B 28 26502 28086 30974 o 35453 L)
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 EL 36
K| Ca| Sc| Ti V |Cr|Mn| Fe [Co| Ni |Cu|Zn | Ga| Ge | As | Se | Br | Kr o
37 38 - 39 - - - - — - a7 — 48 49 50 51 52 53 54
Rb| Sr | Y Ag | Cd| In | Sn | Sb | Te I | Xe
55‘ 56 57-”7"1 79 80 81 82 E]‘ 84 85 86
Cs | Ba Au|Hg| Tl | Pb | Bi | Po| At | Rn
87 88 - 89-103 m = HZ‘ ”;” - 114 - 115 = 116 = n7 : 118 -
Fr | Ra Rg|Cn |Nh| Fl [Mc| Lv | Ts | Og
i o | :
57 58 59 60 (3} 62 63 64 65 66 67 68 69 70 al
“m*lLa | Ce | Pr [Nd |Pm |Sm | Eu | Gd [ Tb | Dy | Ho| Er | Tm| Yb | Lu
) 89 = 190 — 91 = 92 — 93 = 94 — 95 = 196 = 97 — 98 — 99 - |nun - = — =
seide | Ac| Th| Pa| U |[Np|Pu|Am|Cm| Bk | Cf | Es | Fm
Sorues |z || emme. | zemors || mavoss || cecses | sesser zirom | “sarom || Cosvom | esa || 2sross |- "

https://sciencenotes.org/periodic-table-2017-edition-black-white/
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Chemische Zusammensetzung unserer Erde

Was sind die vier haufigsten Elemente unserer Erde?
— Bitte besuchen Sie Slido.com & geben Sie den Pin #7654 ein
2l o Alles einfach so lassen, der Rest erscheint-automatiseh
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Was sind die vier haufigsten Elemente unserer Erde?
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Chemische Zusammensetzung unserer Erde

Source: NASA -



Die Zusammensetzung unserer Erde UNIVERSUM
(0%

SONNENSYSTEM
%
ERDE

Fe
32%

Others
2%

Si
16%
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Credit: NASA

Credit: NASA

+ . ° . . : -

Credit: NASA / GSFC ’ t ¥ +

Credif: ESA (https://WvA\'/_w.costs.es'a.int/do.cq‘(nénts/3‘3'20‘75/979553//788'px-_Cassiopeia_A_Spitzer_Crop,jpg) Credit: ESO (https://www.eso.org/public/images/eso1733q/)
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Die Nuklidkarte
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t(s)

= 10! 100 10! 102 103 104 10° 106
Die Urknall-Nukleosynthese
DI
Be
L By=
2
3 4 -6
o L ‘
W o
] 10-10
]
10020 =
10-14
N oo v oy o+ 1, ' TR
103 102

T(keV) M. Pospelov, J. Pradler Ann. Rev. Nucl. Part. Sc. 60 539 (2010)

» Chromodynamische Bindungsenergie p/n: ~1 GeV
> 2H Flaschenhals: Das ganze Universums musste auf Deuterium warten

Credit: NASA / GSFC
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Der Ursprung der Elemente

URKNALL-NUKLEOSYNTHESE DERZEITIGES UNIVERSUM

Others
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75% 74%
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Chemische Zusammensetzung der solaren Photosphare

S 1E+12 | |
111
I
o SE+11} |
(@)
C
(0]
2
S BE+11Ff ]
0
<
4E+11 - 8
2E+11 -
\ " 1 " 1 " 1 1 1 " 1 1 1 " 1 1 | 1 L 1
OE+00
0 10 20 30 40 0] 60 70 80 90 100
Element Z

Data from: M. Asplund et al. Annual Reviews of Astronomy and Astropysics, Vol. 47, 481 (2009)
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Elemental abundance of the solar photosphere
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Data from: M. Asplund et al. Annual Reviews of Astronomy and Astropysics, Vol. 47, 481 (2009)
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Chemische Zusammensetzung der solaren Photosphare

=10°]

Abundance [Si
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Data from: E. Anders & N. Grevesse, Geochimica et Cosmochimica Acta, Vol. 53, 197 (1989)
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) HISTORY OF THE UNIVERSE A
Wahrend der letzten 13.6Mrd Jahre... Park Ny

expansion
Cosmic Microwave Structu.re

RHIC & Background radiation formation

Accelerators |LHC is visible
heavy

LHC 2 -

ST fons % ver
High-energy prog\n [ i niy

cosmic rays

YW MNVA 31a;

Nall

t = Time (seconds, years) &, Vi ;(\
E = Energy of photons (units GeV = 1.6 x 10719 joules) e
Vi

Key e

g k

9 bl o neutrino ._9 ion * star
) gluon Mo )

\ ’*’)W/""g" bosons
0O electron \ ° atom W galaxy
@  meson .

@ muon 4-’ h black

6 tou @  baryon photon hole
The concept for the above figure originated in a 1986 paper by Michael Turner. Particle Data Group, LBNL © 2015 SupporTed by DOE

https://particleadventure.org/images/history-of-the-universe-2015.jpg
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Widerherstellung von Nukleosynthese-Mileus

— GroRe Simulation ~ (D(Mpc)
— Simulation von Galaxie-Superclustern

— Kleinskalige Simulation ~()(kpc)
— Simulation einer einzelnen Galaxie

— Osmium
— Dichte: ~22g/cm3
— Dichtestes Material der Erde

https://en.wikipedia.org/wiki/Osmium

Credit: The TNG Project (https://www.tng-project.org/media/)
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Wieviel dichter als Osmium muss das Zentrum eines
Protostern sein, um wieder Kernfusion betreiben zu
konnen?

(D Start presenting to display the poll results on this slide.



Density /[g/cm?]
---------------- e ¢ +=10°

100 o

Protostern-Formation + Stellare Nukleosynthese "

ity [

s

log

Trmin [K] Pmin [8/cmM?] T Ll 14103
H - He 13 E+6 100 E+0
ol : <= 107
o He = C,O 100 E+6 100 E+3 ’
C - 0, Ne, Mg, Na 500 E+6 200 E+3 ol =101
Ne = 0, Mg 1.2 E+9 4 E+6 ey &0 o %0 5o
x[AU] Motthew Bate
0 = Mg, Si, S, P G QL6 https://www.astro.ex.ac.uk/people/mbate/
Si - Ti Fe. Ni ~3.0 E+9 30 E+6 Animations/Beta0_01_RT_1M_DensSplash.mov
Sl R e

Credit: Blake Stacey, based on SOHO (ESA, NASA) S wm W m w w m m aw

number of nucleons in nucleus

https://en.wikipedia.org/wiki/Nuclear_binding_energy

Matthew Bate INI ER

Courtesy: Matthew Bate (University of Exeter)
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Zentrum Oberflache

Stellare Nukleosynthese | |

M=25 M,, v,,=0 km s, 2=0.02, «

0.1

over

Credit: Blake Stacey, based on SOHO (ESA, NASA) o wm W w @ @ w a m

Number of nucleons in nucleus

https://en.wikipedia.org/wiki/Nuclear_binding_energy 1 0—4

0 2 4 6 8 10 12 14 16 18 20 22 24
)=6.864232141 m, [M,]

Log(T g,

https://www.astro.keele.ac.uk/~hirschi/animation/anim.html
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Zentrum Oberflache

Stellare Nukleosynthese | |

M=25 M, v, =0 km s, Z2=0.02, «

0.1

over

Credit: Blake Stacey, based on SOHO (ESA, NASA) o wm W w @ @ w a

Number of nucleons in nucleus

https://en.wikipedia.org/wiki/Nuclear_binding_energy 104

0 2 4 6 8 10 12 14 16 18 20 22 24
)=6.864232141 m, [M,]

Log(Tqn

https://www.astro.keele.ac.uk/~hirschi/animation/anim.html
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Big Bang nucleosynthesis
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Explosive Nukleosynthese

https://en.wikipedia.org/wiki/Type_ll_supernova#
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Explosive Nukleosynthese Mm%
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Nukleare Astrophysik in der Sternentwicklung
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Das Felsenkeller-Untertagelabor
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Vom Inneren der Sterne zum Inneren von Tunneln
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0.25 il —
] J )
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: | X,
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0.10 l i
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Das neue Felsenkeller-Labor
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Surface, no active shield
Felsenkeller VIII, 111, no active shield
Felsenkeller VIII, 111, muon veto active|

Warum untertage?

10’

N
(=]
=)

keV h)

10"

» Schutz vor kosmischen Myonen (Untergrund reduzieren)

Py ikl
> Erforschung sehr seltener Prozesse g0 L”‘“M
- - 8 103 -y T~ i~
> Messungen im Bereich des Gamow-Fensters h
10
10°°
108 T G T G T g T i T i T
0.5 1.0 1.5 2.0 2.5 4 6 8 10 12 14
10% | Barbouti — Energy [ MV
— . Felsenkeller (present) ]
s o REGARD 2(()13 ) ] Adapted from: T. Sziics et al. European Physics Journal A 55, 174
” ——a— Felsenkeller 2013 ]
" I —e— Stockel 1969
o —a— Castagnoli 1965
5 10t e e+ Murthy 1967 _
: . —=— Barbouti 1983
z ]
E * |
= Teled ATLAS-Detektor
o
(0]
é’ 10
5
0 20 40 60 80 100 120 140

Depth from highest point of the atmosphere [m.w.e.|

F. Ludwig et al. Astroparticle Physics 112 (2019) 24-34

http://opendata.atlas.cern/books/current/get-started/
_book/GLOSSARY.html
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Die 3He(a,y)’Be Reaktion
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The Borexino collaboration, Nature volume 587, 577-582 (2020)
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Solar Neutrino Spectra (+1q)
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