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Outline

Gravitational wave observatories and PTA data
Promising SUSY SO(10) GUT models

Metastable cosmic strings and GW signals
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History of the Universe

Event temperature energy time
Inflation <10 K < 10'° GeV > 10" %5
Dark matter decouples ? ¥ ¥

Baryons form i i i

EW phase transition 10" K 100 GeV 107"'"'s
Hadrons form 10 K 150 MeV 10°°s
Neutrinos decouple 10" K 1 MeV 1s |
Nuclei form 10°K 100 keV 200s
Atoms form 3400 K 0.30eV 260000 yrs
Photons decouple 2900 K 0.25eV 380000 yrs |
First stars 50K 4meV 100 million yrs
First galaxies 20K 1.7meV 1 billion yrs
Dark energy 3.8K 0.33meV 9 billion yrs
Einstein born 27K 0.24meV 13.8 billion yrs
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Cosmic Microwave Background

Free Electrons Earliest Time
Scatter Light Visible with UM
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Cosmic Neutrino ( ) Background

Apart from CMB, another leftover cosmic fossil

Neutrinos coupled
by weak interactions
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Big Bang Nucleosynthesis

Nuclei are formed 1 300 sec after big bang. Atoms formed much

later.
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Big Bang Nucleosynthesis

Sequence of nucleosynthesis during the rst few hundred seconds
after the Big Bang.

Time after Big Bang (s)
10 10% 10° 10°
1T

Mass fraction

oz
30><10g 1o><1o9 03><1o9 o1><1o9
Temperature (K)

Light elements (namely hydrogen, deuterium, helium, and lithium)
were produced in the rst few minutes of the Big Bang, while
elements heavier than lithium are thought to have their origins in the
interiors of stars which formed much later in the history of the

universe.
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Cosmic In ation

horizon problem, atness problem, monopole problem, ... ¥
In ation
n —m——— mg—— today

recombination

i singularity

particle horizon
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GW: The Most Powerful Tool

Free Electrons Earliest Time

Scatter Light Visible with Li?ht///(

Fluctuations

-« Quantum
/ Nuclear Fusion Begins \

/ Nuclear Fusion Ends \
Neutral Hydrogen Forms
Modern Universe

'
“n
4
]

2
£

2

2

2

=

>
]
=
s

-
]
v

3

3
]

e«

0.01s 3 min 380,000 yrs 13.8 Billion yrs
Age of the Universe

History of the Universe




Groundbreaking Discovery : LIGO 2015
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New discoveries in near future?
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Ground-based: SKA, LIGO, ET, CE
Space-based: THEIA, Ares, TianQin, Taiji, LISA, DECIGO, BBO
Saad | NP in PTA & other GW Observatories | 12/58



Saad

Pulsar Timing Arrays
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Correlation of time delay
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Pulsar Sky Separation (degrees)

perturbations in the arrival time = timing residual




Correlation of time delay
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