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Week 1 (Jul 28-Aug 1): Inflation, (p)reheating, and primordial black holes

Geneva)

Week 2 (Aug 4-8): First order phase transitions and primordial turbulence

Week 3 (Aug 11-15): Topological defects: cosmic strings, domain walls, and others



Astrophysical GWs from binary pulsars:
first indirect detection

PSR B1913+16 by Hulse & Taylor (1974) ¥ 1993 Nobel Prize

1

G farth
\"'}
o
7 Risar W A
e 2
Neutron . o,
Star \

\ % E
35 \
. e,
C ¥ Qyi
o | | bl 1a
—40 1 ‘ L1l ‘ 11 ‘ I 11 L I Il 11 tio"al

1975 1980 1985 1990 1995 200C 2005 W
ear N AWes

e
e b e b e Lo

Cumulative shift of periastron time (=)

-+

T T T T[T [T T[T T[T T[T T[TrrT
P

1Left figure: Weisberg & Taylor (2005). Right figure: Shane L. Larson



2015: rst direct GW detection

First event GW150914 detected by LIGO-Virgo collaboration

Birth of GW astronomy, opening a new window into our
understanding of the Universe

l[LIGO-Virgo Collaboration], Phys. Rev. Lett. 116, 061102 (2016)



Astrophysics, cosmology, fundamental physics

GW170817 NS binary mergef rst detection of GW and EM counterpart
(constraint on the GW speed, measure of the Hubble rate, neutron star equation
of state, ...)

Several following events: LIGO-Virgo-KAGRA started the fourth observing run
(O4) in May 2023 ! 90 events up to O3B with O4 running until November
2025. Currently, around & 200 events publicly reported

2[LIGO-Virgo-Fermi GBM-Integral collaborations], Astrophys.J.Lett. 848 (2017) 2, L13
[LIGO-Virgo Collaboration], GWTC-3, arXiv:2111.03606 (2021).
https://gracedb.ligo.org/superevents/public/O4/



GWs from theEarly Universe

Gravity is theweakest fundamental forceHence, GWs are di cult to
detect but they propagate freely carryingean information of the source.

GWs from the early Universe have the potential to provide us witlect
information on early universe physitisat is not accessible via
electromagnetic observations, complementary to collider experiments

Nature of in ation and transfer of energy to thermal particles
(reheating), particle production (preheating),

Primordial perturbations at all scales, primordial black holes, origin
of dark matter,

Nature of rst-order phase transitions (baryogenesis), topological
defects (e.g., cosmic strings),

Primordial origin of intergalactic magnetic elds.
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