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Pulsar Timing Array : Gravitational Wave (GW) signal?

- Millisecond pulsars: incredibly stable clocks in space.

- GWs passing through spacetime slightly alter the arrival times of the pulses.

- Timing analysis: PTAs can detect correlations in the difference between the observed
and predicted arrival times from many pulsars for many that are indicative of GWs.
[ NANOGrav has observes radio waves from the 67 pulsars for 15 years ~ 5 x 108 sec ]

Helling-Downs curve:
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PTA can detect the stochastic GWs !

(Credit: NASA/DOE/Fermi LAT Collaboration via )

Figure taken from https://nanograv.github.io/metronomedemo/


https://www.nature.com/news/2010/100113/full/463147a/box/1.html

Pulsar Timing Array : Gravitational Wave (GW) signal?
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K Metastable Cosmic String well fits the signal ! \

Tension (mass per unit length) i :

Gyu ~ 1078 - 1074
(//11/2 ~ 1015 _ 1017 GeV )

Breaking @ cosmic time 7, ~ F;”z
(Gyp ~ 1077
(Gyp ~ 107%)

k Decay width per unit length I'; = 2ie"”‘ : J
T

t. ~ 10° sec,

t, ~ 10%sec,
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‘% KNon-QED Magnetic field is going through the cosmic string. \

Long strings keep generating loop strings.
(Reconnections and self intersections etc.)

Loop strings shrink by emitting GWs and disappear.

Long strings do not disappear from the Universe, i.e. stable.

Qcosts infinite of energy to make the long string disappear) J

Typical Size ~ Hubble-1

Long strings self-intersect/reconnect

=)

GW wave length ~ string loop size ~ Hubble-!

GW GW GW GW
G- (@, N
Loop Loop

Long strings remain in the Universe
and keep generating loop strings.



PTA signal requires metastable strin

(Long strings should also disappear at some point !)

With magnetic monopole, strings can be broken ! [Vilenkin 1982]

Long string
‘ Long string can break
<+ —
o 9
Antimonopole Monopole

(Pair creation inside the string)

Metastable String appears in model with 2-step phase transition!

SU(2) — U(1) — Nosymmetry
“Monopole" “string”




PTA signal also requires

SU(2) breaking scale ~ U(1) breaking scale...

Can an inflation model produce the expected GW signal?

fFor SU(2) breaking scale ~ U(1) breaking scale... \
> S/

) )
o o / /

) o

@ SU(2) breaking @ U(1) breaking
= many monopoles = strings are formed J

Most strings are formed connecting a monopole and an antimonopole.

Can we expect long strings ?



PTA signal also requires
SU(2) breaking scale ~ U(1) breaking scale...

Can an inflation model produce the expected GW signal?

Supersymmetric New Inflation Model ! \
Why supersymmetric ? °." We need very flat potential.
Why New Inflation ? " SU(2) symmetry is broken at the on-set
K of inflation (avoid too many monopolesu
SU(2)xU(1) v _ _
symmetric | - Inflation occurs along blue potential
on_Iy_ at the
origin +  On the blue potential U(1) is symmetric

Inflation

while SU(2) is broken
(no monopoles after inflation)

U(1) breaking takes place after inflation.

/ * N~ /% — Long strings are formed !
H XY

U(1) breaking




Supersymmetric New Inflation Model with symmetry breakin

Gravitinos are produced by the decays of inflaton sector fields
To avoid too many gravitinos, low reheating temperature is required
Tr <1045 GeV

Low Tr suppresses GW spectrum @ f=0(10)Hz
— consistent with the current LIGO-Virgo—KAGRA (LVK) Limit @ 25Hz

ﬂ;w from later Universe GW from earlier Universﬁ
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Model can be further tested by PTA experiments (f ~10-9Hz)
and interferometer experiments (f~O(7-100)Hz) !




2025 FEHHYR—FM LB UK EBEEWVWWNZULET,



