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Motivation
o
Motivation

@ The Core Problem: The Standard Model (SM) lacks sufficient CP Violation (CPV) to explain the
Baryon Asymmetry of the Universe!, which require Beyond SM sources.

@ The cxSM Solution: A complex scalar singlet extension (complex field S) provides Spontaneous
CPV (SCPV) but generates cosmological Domain Walls (DWs).
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LSakharov, “Violation of CP Invariance, C asymmetry, and baryon asymmetry of the universe”.
2Chen‘ Li, and Wu, “The gravitational waves from the collapsing domain walls in the complex singlet model”
3Idegawa and Senaha, “Electron electric dipole moment and electroweak baryogenesis in a complex singlet extension of the Standard Model with degenerate scalars”
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Domain Wall
[ ]
DW in cxSM
Vi(9)
V(¢)
DW must be unstable.
¢ lav
¢

In cxSM with Zs symmetry, 2 degenerated vacuum The DW collapses when the bias, which explicitly
expectation values (VEVs) at —vg and +wvg. breaks the Zs.
The DW tension is approximated as: In our model, the bias term is represented as a;:

2 ; _ i
ODW =~ 7mh3’[}7:92. AV = 2\/5‘@1'[}5‘.

3
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Domain Wall

[ ]
DW to GW
1079
—— SKA SNR = 20
—— THEIA SNR = 20
The peak frequency of the GW*: —— DW dominated
05| == BBN
- —1/2
fpeak X tanln/z X UDV\/( AVl/Qv
The peak of DW is around the nano-Hertz scale. -
And the amplitude of GW at peak®: T ¢
9
2 2,2 2 SKA N BBN
Qawh (fpeak) X 0pwlann, 2 opw ~ 1.2 x10%
10784 i
Constraint on DW annihilation:
e Big Bang nucleosynthesis (BBN): tann < 0.01s
@ The DWs should not dominate the Universe. 107
o Detectable by the SKA and THEIA: we assume
signal-to-noise ratio SNR> 20. -
102 101 10 101 101

opw [GeV?)

4Explicit form in Saikawa, “A review of gravitational waves from cosmic domain walls”
5Note that the GW spectrum follow Hiramatsu, Kawasaki, and Saikawa, “On the estimation of gravitational wave spectrum from cosmic domain walls”
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Electron EDM
o
Barr-Zee diagrams

The dim-5 Yukawa interaction:
C(X
Y Y+ —S8
sM — + A
(87,8, H)T = O(h1,h2,h3)T where
0(0417 a2, 043) ]
Assume: ¢, =¢; =0, ¢y /cf >~ —Ye/yz.
The eEDM at 2-loop:

de X ——.

A

JILA current bound®:

de = 4.1 x 107%%ecm

6Roussy et al., “An improved bound on the electron’s electric dipole moment”
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Numerical results
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Numerical results

Detectable region by
future GW observation
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Numerical results
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Numerical results
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Results and Summary
o

Summary

e Complementarity: Probing hidden-sector CPV by combining cosmological GWs (SKA/THEIA)
and low-energy precision observables (eEDM).

@ Current Bounds: Current JILA eEDM limit already excludes a significant region of the mixing
angle as.

o Future Prospects: High-sensitivity future eEDM experiments strongly overlap with the detectable
parameter space of future GW observatories.

The full details can be found at arxiv:2605.01318.
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Results and Summary
o

Summary

e Complementarity: Probing hidden-sector CPV by combining cosmological GWs (SKA/THEIA)
and low-energy precision observables (eEDM).

@ Current Bounds: Current JILA eEDM limit already excludes a significant region of the mixing
angle as.

o Future Prospects: High-sensitivity future eEDM experiments strongly overlap with the detectable
parameter space of future GW observatories.

The full details can be found at arxiv:2605.01318.

Thank you for your attention!
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The Lagrangian of cxSM with dimension-five Yukawa interaction

_ dim—5
E-£chl\{+£h FP o

b1

Vo(H, S) = —HTH—f— (HTH) 52HTH|S\ S|2+dz2|5\4+ a1 S +

S2—i—hc}7

Both a1 and b; break a global U(1), and furthermore, a; also breaks the Zo

with vs = v + k.
symmetry S — —S.
From the dimension-five Yukawa interaction, then

a @ c
YSI\/I YY" + TS

Lyjp=— Zhif(gfiff + 59,71 ) f
i=1

f i
Ff — Olz QA(CfOQZ Cngi),

[ }: - cf02z+cf037,)

U
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erturbative unitarity

Quadratic term:
V(®,8) |‘1>| +*|<1>| ISP+ = |S\4

with

1 Gt 1 .
¢= V2 (h+iGO)’ S= E(SJMXL

So we have:
+ A0 Afl.o 1, 0.2 +=)\2
V(GE, GO R, S, x) x2 <7h +5(E+GG )

4
+ 2 (574 x?) (50 + 5GP +66) + 9 % (52 +x7)
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Perturbative unitarity

Taking the neutral states of [G*G™), = |G GOy, 75 [hh) , 55 |SS), 75 Ixx), we have the s-wave ma-

trix:

A A A b bg

2v2 2vV2  2v2  2v2

DU Ol G I

2v32 4 1 1 1

- PN A 32 L) Sa

ao = 6 23/5 4 4 4 4 )

%2 2 Sz 3dg dy

22 4 4 4 4

B2 s n A s

2v/2 4 4 4 4

and for and |hG®),|SG?), |xG®),|xS):

a — L dis (Ai?i?@)
0T T6r 8\ 29 2

the s-wave matrix for the charged states |hr ™), |7°7F) | |S7¥) [xnF):
o= Lang(22 2 8
T T 8\2027 272
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Dynamics of the DW

The tension force, defined by the tension in a unit area pr ~ o /Ruan; The friction force, which appears
when the particles interact with the DW. With a DW moving with the velocity v, the momentum transfer
per collision is Ap ~ Tv; we can estimate the friction force as:

pr ~ Apn ~ vT?,
When these two forces are balanced, we can obtain the following:

2
o ot
~ 4 ~ 2 5
T Rwall mp|RWaII

v

we also have Rya ~ vt, so:
ol/241/2 51/243/2
v~ ———  Ryal ~ ——.

7
mpl mpl

DW reaches relativity speed as ¢ ~ mﬁla_l, recently, Ryai ~ t.
Pwall ™~ ?

The domain wall scale at ~ t™*, much slower than the reducing of matter ~ ¢~ 3(t) and radiation
—4
~a ().
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The signal-to-noise ratio (SNR) is given by”:

fmax 2 2
SNR = \/ndct tobs/ QGW(f)h ) (1)

Qexp(f)R2

min

where ngety = 1 for auto-correlated detectors and ngey = 2 for cross-correlated detectors.
SKA noise function®

2 64+/3mta? 6t

Qex ° 2
THEIA noise function®
27'['2 2,92
Qexp(f) = 7775.f"haw, (3)
P 3H02 GW

with haw = 1.6 x 107% (1 year/tons)

7Breitbach et al., “Dark, Cold, and Noisy: Constraining Secluded Hidden Sectors with Gravitational Waves”; Schmitz, “New Sensitivity Curves for Gravitational-Wave Signals
from Cosmological Phase Transitions”.

8Breitbach et al., “Dark, Cold, and Noisy: Constraining Secluded Hidden Sectors with Gravitational Waves".

gGarcTa-Bellido, Murayama, and White, “Exploring the early Universe with Gaia and Theia”; Roshan and White, "Using gravitational waves to see the first second of the
Universe”.
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Figure 1: favored region and exception region from NANOGrav150

10Afzal et al., “The NANOGrav 15 yr Data Set: Search for Signals from New Physics”.
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