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Moalels, O(f Flavou

Discrete non-Abelian symmetries succesfully explain leptonic mixing

C w 4

non-Abelian symmetry broken spontaneously —— residual Abelian symmetries

Explicit symmetry introduced to induce non-zero 0,

Sum rules are predicted and can be used to distinguish different flavour symmetries
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S Leplonic Flavoun Symmetry

VEVs of scalars can be found, Z,-invariant alignments:
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S Leplonic Flavoun Symmetry

VEVs of scalars can be found, Z,-invariant alignments:
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Monopole

— (g, topological defects may form.

Cosmic string

Domain wall

During SSB from G;/r = H — -+

)




Domain Walts

Consider a real scalar field with Z,-symmetric potential
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Consider a real scalar field with Z,-symmetric potential
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Domain Walts

Consider a real scalar field with Z,-symmetric potential
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Domain Walts

Consider a real scalar field with Z,-symmetric potential
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Domain Walts

Static EoM for scalar field:

Energy density of domain wall:

Wall tension (m/L?):

d2¢z‘(2) - oV (9)

dz?

0o

o(2) = 3 5 162 + AV (6(2)

Gradient

o= / o dzp(2)

— OO

— —

Potential
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Z2 Domain Wa%..g/w

31(2) = 61 [-1+01].
b = +1, ¢1‘_ 1

A

/—m d’g {% 52(2) + 5 [3(2) - 1}2} _ 2?

82
Tension dependent of f = —

81




J n Domain Wells. Q//—@gae

B (2) = ¢1 [—1 + ¢F + #3 + B3
by (2) = g2 [~1+ &5 + ¢35 + BoT

(@) O )
¢_2 7100 h 0/ ¢2 Z——00

-—-—-—- —ill——a—aa— - — .

—10 —9 0 D 10
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Z2 Domain Wall lendiord
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Z3 Domain Walls. f-@@
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S’Zaéc‘&zy o(f non-Abelian Domain Walls. Z2 cade

Straight line Sl solution
Independent of f = g,/g,

¢
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S’Zaéc‘&zy of non-Abelian Domairn. Walls. Z2 cade

Straight line Sl solution
Independent of f = g,/g,
Two SllI solutions with
pitstop at v,

¢
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S’Zaéc‘&z‘% o(f norn-Avelian Domain Walls. Z2 cade
o1

_K V3 Straight line Sl solution

1] R Independent of / = g,/g,
V- Rl . .
~ 0 g| Two SllI solutions with

_ v /.\ V9 |

@300 ’12_//. pitstop at v,

Intermediate solution (still
satisfies EoM)
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S’Zaéc‘&zy o(f non-Abelian Domain Walls. Z2 cade
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S’Zaéc‘&zy o(f non-Abelian Domain Walls. Z2 cade
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S’Zaéc‘&zy of non-Abelian Domairn. Walls.
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S’Zaéa‘@; o(f norn-Avelian Domain Walls. ZZ cade
o1

For # = 0.3 since Sl-type DW

form will decay to two Sl type
DWs 4 /P
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gméz&q oé{ non-Abelian Domain Walls. Z2 cade

Analogous discussion for Z, type domain
walls, see paper



Annitulation of Domain Walls

V(o)

—

Static Domain Walls
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Annitulation of Domain Walls

V(o)

q Static Domain Walls
'\-__> ¢
V(o) Bias = may correct
X ZJ Jid, 4 |LO mixing pattern

blas

I Bilas — acceleratlng DWs
- ¢ —> CoII|S|ons & GW Emission




Gravilalional Waved

Decay of higher energy density domain walls to lower energy ones can change
domain wall network and influence gravitational wave emission. Relegate for future

WOrk

Consider bias term to annihilate away DWs & bias could be connected to Abelian
residual Abelian symmetry breaking

10 1/2 V. 1/2
e~ 3x10°H 1as
=350 (s ) (D)

10 13 /7 5 \* /TeV4
Q. h® ~0.9 x 107°7 ( ) ( ) ( )
§ g« (Tann) TGVS Vbias
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Gravitational Waves. S-type, £ -

107"k
-9 TianQin
BP1 BPZ".--\' VK
- —11 ,' ~{
-t NGI5 Tadji ET
=10 ™
10715 LISA BBS
16—9 16—7 1615 16—3 16—1 161
p =10, o(SI) ¥# 20(SII) o3/ TV VT /Tev
So Sl & Sl type walls stable & BP1 3 x 107 107375
both contribute to GW signal BP2 3 x 10° 10°
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Gravitational Waves. S-type, £ -

Multipeak structure from different

Domain walls i.e. Sl, S|

CAISE
TianQin
BP1 ~d, VK
G15 Tafji BT
B=10 )
LISA BBS
10'—9 10'—7 10'15 10'—3 10'—1 161
f [Hz]
ol/3 /TeV Vblié;l /TeV
BP1 3 x 102 10737
BP2 3 x 10° 101
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Gravitational Waves. S-type, £ -
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Gravitational Waves. S-type, £ -
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Gravitational Waves. S-type, £ -

Oh?

10~

107
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TianQin
BP1 BPZ".--\' VK
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B=10 "
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32



Qmma/zgé

Non-Abelian symmetries can solve flavour problem & give rise to rich topological
iIncluding domain walls

S, has 5 types of walls: Z, (Sl, Sll) & Z (TI,TIL,TI)

For certain parameter space, DWs are stable and give rise to a uniqgue multipeak GW
signal. Different experiments are sensitive to different flavour breaking scales

Much to explore: linking bias term with explicit breaking of residual symmetries,
unstable domain walls exist in much of parameter space and may give rise to unigue
GW signatures, requires lattice simulation

33



Backup slided

S ovgnd 12+ 17 422+ 3% + 37

VN \V)

(4, = G5 oA A
1Y)

g, < 0 = flavon breaks Z, , g, > 0 = flavon breaks Z,

@) mi=2(3g1 +2g2)u*, m
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Gravitational Waves. S-type, £ -
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Gravitational Waves. Fiype, 2 5
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Domain wall claeactesuddlicd

Domain walls annihilate when pressure from the wall tension equals pressure from bias

o) \ o)
pr ~ — = Vbias 7 tann —
L Vbias

We took the curvature to be equal to time, R ~ ¢

I A

{ —
T et €V
Assuming radiation domination, H o 1/(2¢)
T2 1 1 Mpy 0.301 Mpy

H ~ 1.66\@]\4P1 —

T 2H 2166\, 12  \/g. 12
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Domain wall claeactesuddlicd

Invert to find annihilation temperature:

0.301M
o (S0

\/ gx1

Plug in constants and take g ~ 10

T ~ 3 x 10" TeV (

ForBP1:e ~ 107 T, ~0.18 GeV
ForBP2: ¢ ~ 1071% T~ 18 TeV

d

€b

fo

>1/2

)

U

TeV

)1/2
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Domain wall claeactesuddlicd

The observed peak frequency is the redshifted Hubble scale at annihilation:

@ (Tonn ) T2

Redshift factor used g.(7,,,,) ~ 10,7, ~ 10715 GeV, g+(Ty) = 3.91

nn

0 (Tunn) ( Gus (T@))” P T

ag B g« (Tann Tann

1o ( gxs (1)

1/3
eak ~ * Tann i f eak ~ ]..1 >< ]_0_7 HZ Gev * Tann
fp MPI g« (Ta,nn)> P /

1/2
. . _ 3 €pU
Using 1, expression from before:  f .. ~ 3 x 10° Hz - ( ngeV>
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Domain wall claeactesuddlicd

Energy Density in GW from domain wall collapse at the time of annihilation:

PGW (Ta,nn) i GO-QHZ (Tann)

1 . 2 6) . (Tgnn> _ fgv6T§nn

g V) G ) =
Vbias H 1/2 €U H 1/2
Tann i ( 5 ) MPI ~ ﬁ MPI
62?}8
PGW "
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Domain wall claeactesuddlicd

Need to redshift this to today:

B To \" g«s (10) 13
PGW.0 — PGW (Tann) ' T ' g (T )

Also convert to fractional energy density per logarithmic frequency:

h? h®  ev® 1o ?
QGWhQZ_'pGW,ON—' - ( )
Pc Pe M]§2>1 Lann

Plug in appropriate numerical factors:

10 13 7 5 \* /TeV?
Q.. h®~0.9x 107°" ( ) ( ) (
5 g« (Tann) T6V3 Vbias
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