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Outline

Motivation: GW probe of GUT breaking routes to SM predicting
different types of topological defects and FOTP at various scales.

Geuyr = Hy = Hy =» = Ggm: i, (G/H) #= 1,k = 0 (DW), 1 (CS), 2 (MP)
Review: GW signals from topological defects & FOTP.

Phenomenologically viable routes: unification, proton decay, and
inflation removing dangerous defects.

Prediction of a certain combination of GW signals may be
probed.

"GUT breaking routes & GW" EJChun@KIAS GUTPC Hangzhou



GW ifrom Cosmic Strings

Flat spectrum from a scaling
solution during radiation era
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GW probing Seesaw/GUT

SO (10) GUT with proton decay
SO(10) > G; X U(l)p § > - > Goy
Dror, et.al., 1903.03227 King, Pascoli, Turner, Zhou, 2005.13549

Seesaw scale of U(1)z_; breaking
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GW from unstable Domain Walls

Stable overclose the Universe.

[ =

¢
They may be diluted by inflation,  Tapn ~ 4 X 1072GeV (=) ° (Mew) > 10MeV
or destabilized by a bias

potential AV breaking softly the Qann e
foeak & Happ = 10~°Hz =
symmetry. L a, 10~2GeV
GW signals are controlled by 2y -
’ - i = o nn
tw30 parameters: wall tension o QGthp .~ 10718 (Tev 3) <10_32Gev)
Mpw and AV.

Saikawa, 1703.02576
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SN 1hroprg IR AR

FOPT characterized by nucleation temperature T,, burble wall velocity v,,,
latent heat a« = Ap/pp, change of burble nucleation rate 5 /H,, which
control GW signals:

Caprini, et.al., 1512.06239 (LISA)

1 (B T
a2 2x 10 °H
peak O <H) (100GeV>

Dark QCC

High

G 100 MeV N ‘ o s
Hox v oy by OOOOTGV
SW 1.2 i 6 * SW = 3 : _[TeV scale
W ear ~ 2.7 X 10 vw< )( ) -

f/\1+a

Huang, Zhang, 1701.04338 (3-3-1 model)
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GUT breaking routes

We consider SUSY SO(10) GUT.

For a given breaking pattern, intermediate breaking scales are
to be fixed consistently with gauge unification and proton decay
constraints depending on matter content.

Multiple topological detects and FOPT appear, which may be
probed by GW detection.
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Phenomenological consideration

Observables:

Experimental /Lattice values used

Parameter Current Value 3 o Discovery
Mz (My) 91.1876 (21) GeV
as(Mz) 0.1179(10)
Qom. (Mz) 1/127.9
sin? By (M) 0.23121(4)
my(me) 172. ):I:O 7
(70| (ud) g ur|p) —0.131(4)(13) [67]
( O| ud), uL|p> 0.134(5 16 ) [67]

Sopr rs [67] [68] | 7.8 x 103 yrs 90% C.L [HK[63]] | 6.3 x 103 yrs [HK[63]]

m(p— Ki) = 6.6 x 10% 5 x 103 yrs [DUNE [62]]
95% C.L 3.2 x 103 yrs 90% C.L. [HK[63]]| 2 x 103 yrs [HK[63]]

Common outputs: M., = (8.9 — 1.6) x 106 GeV

2 7
Ms Mpc

Koot alo ] 2
vl ) 10TeV/ \10%Gev)
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Standard routes

Intermediate steps of breaking and the corresponding Higgs multiplets
Appearance of FOPT and topological defects: 2(MP), 1(CS), 0(DW)

SO(10) 1‘2"—(; SU(5) x U(1)y o SUB)e x SU), x ULy x U(1) . % Gsn % Zs
' 26 (2 ' ' 45 (2) e ' ' 15 (

SU(S)C X U(l)}--' X 27,

SU3) x SU(2);, x SU2)p xU(l)g_; x D Mp

210 (2.1) 45 (0)

Mgur

SO(10)

) ) Mp_rp,
SU3) e x SU(2);, x SU2)p x U(l)g_ 1 ﬁ Gsn X 7o
26 (
Mpw

T} SU(g)Cv X U(l)}' X 22-

"GUT breaking routes & GW" EJChun@KIAS GUTPC Hangzhou



SU(9) route

S0(10) = SUGB)xU)y = SUB) xSUR), xU), xU)y = Gsy X Z,

Mcyr ~ 1016GeV My > 10GeV Tor Mg_, ~ 1014GeV
MP MP CS

Diluted CS

Regeneration after inflation
Cui, Levicki, Morrissey, 1912.08832

j : , Decaying CS
SKA " A i : . .
£ N A Strings connecting MP-antiMP
S | i Fdec _ 1 e_M}ZQ/M
107° T P T -9 -8 o7 T 4 ) 7 2 0 1 2 3 H 27-[
10 107" 10 10~ 10™° 10 10 10 10 10 10~ 10 10° 10" 10° 107 2 2 %
o Martin, Vilenkin, 9606022
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L1 1ol

S0(10) = SU3), X SU(2), X SU)r X U(1)g_ = Gy X 7,

MGUT =~ 1016GeV TRH MB—L =~ 3 X 1013GeV
MP CS, FOPT

FOPT at 10" GeV
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LR route with D-parity

SO(10) = SU(3), X SU(2); X SU() g X U(1)5_. X D

Mgyr ~ 1016GeV

MP, CS
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HEGW detection
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DW at lower scale?

Consistent Z, breaking with an additional Higgs?
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A route with Bubble Leptogenesis

EJC, Dutka, Jung, Nagels, Vanvlasselaer, 2305.10759

SC My =5 x 10°GeV

Yp_, generated reflection
& frozen (temporary) | (subdominant) Yp_;, washed out

my # 0 (weakly)

Penetration Depletion 3

T Tnuc

e e
['(NN - ¢p) ~ y* (—) My = YNqECP KsphKwashKpenKdep

My Treh
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FOPT at lower scale?

GW signal SC y =14
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Cornclusion

To track a route from SO(10) down to SM using GW signals, we
identified appropriate intermediate breaking scales
consistently with gauge unification and proton decay.

SUSY models can be different from non-SUSY models.

Typically appear observable CS signals and very high
frequency GW from DW and FOPT.

Desirable to explore the possibility of DW/FOPT formation at
low scales.
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