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Axionic Strings and Domain Walls
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1.1 Axion
® QCD Strong CP Problem

QCD

Experiment

Why is 6 so small? == strong CP problem
® Solution of Strong CP Problem
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2.2 Cosmological Evolution of Axion
® PQ scalar ¢,

® | [ ~F, | symmetry breaking of U(1)pq

O, = [Pyl = |D,[e"/ T
axion is a phase direction of PQ scalar

=) | Axionic String

Ll AQCD axion acquires mass through QCD instanton effect
Fa =

gaaasz=cl)
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3 Axionic String

® Global strings are produced when U(1) PO symmetry is
spontaneously broken

® After production string network obeys scaling solution
O(1) strings in a horizon volume

A = t% (4 : string tension)

® Strings lose their energy by emitting axions

Energy spectrum of axions?
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Simulation
Hiramatsu, MK, Sekiguchi, Yamaguchi, Yokoyama (2010)

® Field theoretical simulation

® Pseudo Power Spectrum Estimator
(PPSE)

® New string identification scheme
® N(grid) = (512)

® At the end of simulation
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Simulation
Hiramatsu, MK, Sekiguchi, Yamaguchi, Yokoyama (2010)
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Simulation
Hiramatsu, MK, Sekiguchi, Yamaguchi, Yokoyama (2010)
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S| mu |at | on Hiramatsu, MK, Sekiguchi, Yamaguchi, Yokoyama (2010)

® Scaling solution

£ =0.87+0.14

M
Pstring — t_2 . |

10 15
proper time t/t

scaling parameter g

crit

(horizon scale) ™! ~ 5

® Energy Spectrum

Er
peaked at horizon scale

exponentially suppressed
at higher momentum

50 100 150
comoving wavenumber k

differential spectrum APs .. (k;12.25t,,;4,25t ;1)
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Constraint on PQ scale

® Cosmic density of produced axion

AQCD FPQ 1.19
Qoionh® = 1.66 +0.25
A

® Constraint

Fprq < 3 x 10 GeV
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4. Axion Domain Wall

® QCD scale
U(1)PQ—> discrete Z |

Domain Wall Formation

® N> 1
Domain Wall Problem

== Biased Potential

Domain
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2D simulation
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Constraints

® EDM
g 2
6 ~ % < 107+
T
® Decay before wall oW
: ; » Npw
domination NEDM, N6 —
too much NEDM Overclosure, Np\y=2 ———
2 Taec = 1MeV | Overclosure, N, =4
£ >3 x 103N 3 (ﬁ) Toee = 0.1MeV | Overclosure, Np,=6
p

r = 0.001

supernovae
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