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WIMP relic abundance
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* Freeze-in DM
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5. Particle in a plasma...
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Singlet Scalar Extension with a Z,/U(1) Symmetry
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U(1) softly breaking ¢ Grossetal, PRL 119, 191801 (2017)

V= VO T Vsofta L
2

Vo = ~H1t g K5 |52 4 A g
0 2 2 2 LD- 2‘?)(2( )(hlhl+K)()(h3h2)ﬂ
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t __S i t(m? —m?
VSOft - 4 S + H.C. ~ <in @ cos @ ( /1._,2 . hl) _ 0‘

D —(hycosf + hy sin 6’)2 %ff
7

~

2. The pseudo Goldstone boson is the WIMP DM
candidate since It has a Z2 symmetry after the
spontaneous vacuum symmetry breaking.

1. The global U(1) symmetry Is broken by the soft term.
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Singlet Scalar Extension with a CP Symmetry
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cva = nA g
2 RMERTR
The evolution of the DM number density is described by the Boltzmann equation

ay  [mg.(T)
daT 45

My (ovret) [Y(T)? = Yeq(T)?]

The resulting DM relic density is given by

My
GeV’

The cross-section of the SI DM-nucleon elastic scattering is given by

h2QDM = 2.742 X 108Y0

h2QpM
2y

Scale the scattering cross section as OS] = fdeI, with fx =
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e Tree-level scalar potential B.-Q. Lu, C.-W. Chiang, and D. Huang, PLB 833,137308 (2022)

1 1 1 1 1 1 1
V{)(h, S, X) = — iﬂ,ﬁhz — E}L?Sz — iﬂzixz + Z)uhh4 -+ Z)L554 -+ Z)"XXZI + E)‘-aszxz

1 7,2, 1 2,2 | 3 1 2., 1 3,1 2
+£_1K5h S +Z"xh X +als+:lbmh S+ gcss +§cxsx .

* The Coleman-Weinberg potential

1 4 MZ(h, s, x)
Vcw(h,S,X)=64n_2 Zi:NiMi(h,S,X) |:108 IILZ —Gi |,

* The finite-temperature contributions to the effective potential at one-loop

level T4 , ,
Vich,s, x, T) = ﬁzijwa,p (M,- t,s, x, T)/T ) |

* The leading-order high-temperature expansion

1
Vi, s, x, T) = 5 (gnh® + 85s” + g x> +2m3s) T2
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* The decay of the false vacuum can proceed through thermal fluctuations
which help overcome the potential barrier. The tunneling rate per unit
volume and time element Is approximately given by:

T(T) = A(T)e %/T,
* the probability of bubble nucleations per Hubble volume is defined as

pr) = [ R () s

* To overcome the dilution due to the expansion of the Universe, we require
p(T) ~ 1

* This leads to the following condition:

n n Tn
53(Th) _ 410 (2) 2142—410g( )

T, H 246 GeV
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* The Euclidean action for a spherical bubble configuration

1 /dd\?
— (== ® T
Z(d'r’) +T/eff(a )

* Equation of motion for the bubble profile

P 240 av
dr2  rdr d®

S3(T) = 47r/d'r' r

* Boundary condition
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Gravitational wave

* Two primary gravitational wave (GW) parameters

E(T*) /8 d (Sg(T)

o= ) ™M = U
AVy (T
E(T) = Ta ?T( ) - AV()S(T),

* GW generation temperature: T
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Gravitational wave
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The Georgi-Machacek (GM) model
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» The potential
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PT in GM model: Gravitational wave

° /7 b | : =
. o :~; - — BBO | 80
mmm BBO A 4 - — DECIGO
1077 B LISA 105k s — — LISA
Taiji : ? 75
1011 <] DECIGO - {"
SFOEWPT
10715 : s
% ) 70 S
10—19_ 4 2 o | v
rg < |T | e
i 1 - &
\ "N 7
- 2 Ve
10-27¢ - n 5 7
f / 60
10731 : % iy R4
N\
/7 e
1074 1073 1027 10T 100 10T 102 ‘|'|—- Eh 55
f (Hz) . —
02 101
agw

T. K. Chen, C. W. Chiang, C. T. Huang, and B. Q. Lu PRD 106 055019 (2022).

2023/5/11 25



PT in GM model: LHC constraints and detections
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