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New dataset from PTAs
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Gravitational wave sources for Pulsar Timing Arrays
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Cosmic string

GUTs SSB of the U(1) Cosmic string
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Cosmic string simulation: the DFSZ axion model

The action in expanding universe with spatially flat FLRW metric:

PQ complex scalar: 9=0, +1i0,

S = fa’4x\/_( —aucpavcp+V(cp))
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PQ era, PQ symmetry broken, second  QCD era, axion acquires a non-zero mass due
order phase transition, T,~ 109-10""GeV  to QCD non-perturbative effect, T ~ 100MeV

l |

Axion(global) strings form and  String-domain wall hybrid networks
enters the scaling regime form and eventually decay
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Gravitational waves and axion radiated . petection of axion dark matter

by topological defects of two eras
Yang Li, Ligong Bian, Rong-Gen Cai, Jing Shu, 2311.02011
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Fquations of motion PQ era-the first stage
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Scaling parameter

1t String network at the final moment
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Domain wall’s identification

Top view of the shape of potential energy The distribution of fields in phase space
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String-wall evolution

Axion string-domain wall hybrid network destruction with gravitational waves
and axions emission




Domain wall Area parameter
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Domain wall decay to free axions
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Domain wall decay to free axions
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Domain wall decay to axion Dark matter

Qa,new(tO)hz =QaDWh2 + gza,O(tO)h2 + Qa,st(tO)hz
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Axion DM and GW from String-wall

Our research provides the possibility of searching for axion models or
constraining model parameters through GW detection experiments
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Simultaneously explanation of DM and GWs with axion string-wall

networks, only for Nyy>1 of ALP scenarios.
For Npyw = 1, the GW energy density appears undetectable for QCD axions and
axion-like particles.




Cosmic string simulation: the KSVZ axion model

The action in expanding universe with spatially flat FLRW metric:
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Simulation setup

Equations of motion PQ era
~11 =2 ~ a' ~/ 8V 95 Qo -~ h
Y _V2Q0+2—(‘0 =—a2 = =~ (‘5:— h=— s =
{ : Ol 21l M L
2 _ V(£.6,£RT) B
a 3h YV — Wy = CLiH'
fiws
Initial condition
thermal spectrum
. 1 .
P¢i (k) e wk(ewk/T - 1) ,P"bei (k) =
Wi = \/kz/Rz +m§ﬂ, mi = ()‘<P/3 + /\¢h/6)T2 — )\d,vi
two-point correlation functions
: . [ N\
($i(K)g;i(K')) = (27)’ Py(k)o(k — K')5;;, lgdor) = { o P k), (¢i(K)) =0,
($i(K)$;(K)) = (2n)’ Py(k)s(k — K')5;;, : N\ .
d ¢ J (Ip:®)P*) = [ o Py, (k), (¢i(k)) =0,
phy

(pi(k)¢;(k"))y = 0.



Field configurations and the surface tension
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Axion-Higgs String evolution

1o



Scaling parameter and energy density

Scaling parameters
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Cosmic string simulation: the local string

* The action and potential are
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Cosmic string simulation: the local string
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Cosmic string simulation: the local string

GW to particle GW for different scenarios
energy density ratio At Hdec~MeV
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Zizhuo Zhao, Ligong Bian, Jing Shu, 2507.00685


https://inspirehep.net/authors/1019902

“*Summary

 Updated a semi-realistic DM emission from two-stage simulation of
axion string-wall network

e GW of ALP particles in the DFSZ case can be probed by GW detectors

e GW of Axion/ALP dark matter scenario in KSVZ cannot be probed

*Future

e Dark matter from PT

* Topological defects: Magnetic monopoles, cosmic strings, domain walls

* Magnetic fields on Axion
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Identification of Cosmic string

String penetrates the square loop if the minimum phase range which contains
the four points is greater than m and the phase changes continuously

profile of string ,//
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For a specific square loop, assuming that the minimum phase at four points is 6min

1) Opin < 7.

2) There exists at least one phase at another point minus 6y, is greater than 7.

3) There exists at least one phase at another point minus 6, is smaller than 7.

4) Denote the phase closest to 7 in all phases greater than m as 6, and denote the phase closest to 7 in all phases smaller than
as O, 1t 1s required to meet 6, — 6, < .

(5) Calculate the difference between the phases at each of two adjacent points in a counterclockwise direction, the multiplication
of the four differences is required to be negative.
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