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Nuclear Astrophysics

" to understand the origin of the chemical elements and isotopes, and
the role of nuclear energy generation, in cosmic sources such as stars,
supernovae, novae, and violent binary-star interactions *

- Wikipedia
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“We are made of star-stufi







‘The Big Bang

* GROWING FROM THE BIG BANG
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GROWING FROM THE BIG BANG
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Eleme»n'ts are created in the lives and deaths of stars
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Elements are created in the lives and deaths of stars
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Very radioactive isotopes; nothing left from stars

cosmic ray fission
exploding massive stars

exploding white dwarf
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Astronomical Image Credits:

ESA/NASA/AASNova

Graphic created by Jennifer Johnson

http://www.astronomy.ohio-state.edu/~jaj/nucleo/

See lectures by M. Mumpower and W. Aoki



Elements are created in the deaths of stars



Elements are created in the deaths of stars



Rapid neutron-capture nucleosynthesis is a major producer of
trans-iron elements, but requires lots of theoretical data
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Exotic Supernovae?
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Neutron Star Mergers

Credit: NASA



A gravitational wave observatory measures distortions
of space by timing the delay in travelled light

MakeAGIF.com

Credit: Caltech



Past, present, and future observing runs
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Credit: LVK Collaboration
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LIGO sensitivity
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can be detected by gravitational waves?
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| Masses In the Stellar Graveyard
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LIGO-Virgo-KAGRA | Aaron Geller | Northwestern



Observing GW170817 in gravitational ane}s |
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The shape and duration of the inspiral depends on
the neutron star equation of state
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Kyutoku, Shibata & Taniguchi (2021)

Graviational waves can help constrain the
mass-radius relationship for neutron stars
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Gravitational waves of binary heutron star mergers
contain a lot of nuclear and astrophysics

That's not the only reason why binary neutron star
mergers (especially GW170817) are special



There is a chance to detect multiple messengers
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Lightcurve from Fermi/GBM (10 — 50 keV)

Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)
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Finding GW170817 on the sky

Swope +10.9 h

Fermi/
GBM
12h
IPN Fermi /
INTEGRAL




Drout+ (2017)

GW170817 and its associated “kilonova”
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Swope & Magellan Telescopes
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LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

X-ray

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

uv

Swift, HST

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STAR! f
HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILES! 5 5
BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA I I I I I | I I I
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REM-ROS2, VISTA, Gemini-South, 2MASS, Spitzer, NTT, GROND, SOAR, NOT, ESO-VL¥Kanata Telescope, HST \
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Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW, MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg

Stratta & Pannarale (2022)




