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Symmetries in fundamental physics

Noether 1915, symmetry — conservation
-~ Spacetime R 3 X O(1,3)

Standard Model SU(3),. X SU(2); X U(1)y D U(1),,,

- Discrete symm: C, P, T, CP, CPT
New symm:  U(l)g_;; U(l)pg; GUTs (SU(S), SO(10), Pati-Salam, etc)

New discrete symm: Zy, U(1)pn, Ags S4 C SUB)gavous Modular symm I
Z3 inGUTs; R, Z;in SUSY
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A general picture of phase transition
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Phase transition with degenerate vacua
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The simplest case Z, walls

1 A

Given a toy potential for a real scalarin Z, V= - E,uzhz + Zh4
EOM h'(z) = Ah(h? — v?) v=1/pu?lA

Soliton solution

h = — vtanh(z/0)

1
&(z) = E[h’(Z)]2 +AV(2)

AV=V-V__

Vilenkin, Phys. Rept.121 (1985) 263
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The simplest case Z, walls

Given a toy potential for a real scalarin Z, V= - Eyzhz + —h*

EOM h'(z) = Ah(h? — v?) v =1/u?l

E
X

Tension (BENZ&RHEEE=

/

Thickness (EIB5EERYE)

h=—v

Vilenkin, Phys. Rept.121 (1985) 263 13



How about walls beyond Z,?

Zn-invariant potential V= — 2| @ |* + A 4 _ NN + o™

1
O =——>~h+ia)
\/5
(assuming CP
conservation,
simplest form)

N degenerate vacua:

y = eiZﬂk/N

k=0,1,....N—1
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Z3 walls

Zs-invariant potential V= —u2|¢ >+ 4, || — Lu(d® + ¢™)

H
20

3 vacua v, =
p=3/4

(BH1+Fe™ > 5350 /BT > 0

Profile
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Z4 walls

Zs-invariant potential V= —p2|¢|*+ 4, | ¢|* — A (d* + ™)
H i2Zk

= e
V24 (1 = f)
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p=3/4

20F

Vo <> N1

2
1.5F
1
s 0 Eg w1.0f
am
—1 Vo <> U1
—1f === we v\ { o5}
a S ~—_
=2F . . . 0.0
-3 ) 0 2 —4 —92 0 2 4
h z z
Adjacent walls (JBUTBEFEE). SRR EZ (EEA vy F v, ) BOBEEE

Non-adjacent walls (FE<BITBEEE): o IRIEBIEEZ (EEUD vy 1 v, BUBEEE



n

18



— Directly
[ - Through v,
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Zn walls with small Zy effects
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Z~n walls with multiscalars

e.g., Zs-invariant potential with two scalars

V=—u21p”+ 11|
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Z~n walls with multiscalars

e.g., Zs-invariant potential with two scalars

V=—u2|gpP+ 4100 £

= 2122
_1%52 1,1554 l (&) =%\ [ui/2%
— g+ ™)z ,“”=ﬂ *Mf PRt

XF Zn domain wallE#JR9CE, 1E5Z%E[2205.11529]H
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GW sources 1n particle theories

© Directly from first-order phase transition during spontaneous
symmetry breaking (SSB) of underlying symmetries

FHEVEFKEERES| NRERFEPRET-RRB(PLKRE, XEFI0)

15:20 - 15:40
Dynamics of electroweak phase transitions: from nucleation to percolation-E#E(PLLUXKE, XEFFD)

16:15 - 16:35
GWs from FOPTs: Recent progress on bubble expansion-Shaojiang Wang (I RIBiCHIIBHR5FR)

16:55 - 17:15
Sound velocity effects on the phase transition gravitational wave spectrum-Wang Xiao(9# LX)

17:15-17:35

~ Oscillation of cosmic strings formed after SSB of symmetries

BRACIHCRINE FERE-LIIN(EXKE)
15:20 - 15:40
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GW sources 1n particle theories

- Directly from first-order phase transition during spontaneous
symmetry breaking (SSB) of underlying symmetries

FHRVEFKEEHETS| NEEERYPRET-FERB(PILKE, XEHRLD)
15:20 - 15:40

Dynamics of electroweak phase transitions: from nucleation to percolation-B#E(PLUKXE, XEHLD)

16:15 - 16:35
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16:55 -17:15
Sound velocity effects on the phase transition gravitational wave spectrum-Wang Xiao(9# LX)

17:15-17:35

~ Oscillation of cosmic strings formed after SSB of symmetries

BRAEHCRINEFEER- DI (EXRKFE)

15:20 - 15:40

- Domain walls can also generates GWs
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GW sources 1n particle theories

~ Directly from first-order phase transition during spontaneous
symmetry breaking (SSB) of underlying symmetries

FHRVE FHEERES DRERRERET-RRB(PLUKE, XBPL)

15:20 - 15:40

Dynamics of electroweak phase transitions: from nucleation to percolation-E#E (P ILUXZE, KEdu)

16:15 - 16:35

GWs from FOPTs: Recent progress on bubble expans

Sound velocity effects on the phase transition gravit

~ Oscillation of cosmic strings
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-~ Domain walls can also gener
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Domain wall-induced cosmological problem

> Scaling solution: Pow ~ oH Vilenkin, Phys. Rept.121 (1985) 263

pow oG AMA? 3K
872G

—> —— P

pe H  MyI?

FEEST N ERE, RERESRES My > /.

o BRIRNE: 5| NExplicit breaking

_ 1 . ,\ Hiramatsu, Kawasaki,
¢ L oV =cvh <§h —Y ) Saikawa, 1002.1555
De'® |
o I3 oV = ‘ €gb<—q§3—vg>+h.c.
3y/3  \4

7r
Wbiasd1o = VI, = VI, = €Vy COS <a + g>

T

(Voiash2o = V1, = VI, = evycos <a - g> Wu, Xie, YLZ, 2204.04374
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