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Classically Conformal Theory

A
Viree (¢) = Z¢4 -
Radiative Symmetry Breaking {} / Q
" 1) AT

B
Vlloop (¢) — Z ¢4 (logw -7

4

Conformal invariance in tree level (Classically)
S. Coleman & E. Weinberg PRD 7 (1973) 1888

Vlloop(¢)

No bare ¢* term
Hopefully solving hierarchy problem

Bardeen, FERMILAB-CONF-95-391-T;
K. A. Meissner & H. Nicolai, PLB (2008) 660; etc
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Classically Conformal Theory and Our Model

A realistic framework:

An

A
Viree (1, 5) = ZSS4 + %hszhz 1 T h* Keep classically conformal
Gy
Gauge choice for s: U(1),SU(2), ... ¢ = (Gz> Xxa
Our choice: SU(2) in adjoint representation > ) W
SU2)y - U(1
Ensures the stability of DM candidates (X /X ™) {} i '
0811.0172 s Xt X- A
B S 1 A h Ah
Vitoop(h, 5) = ZS4 (logW—0 — Z) + %Szh2 + Zh4
V342
(Sy=w=wyg > v mg = ngw

393‘; my = gxWw
BZZXW @ my, = 0
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First Order Phase Transition

Baryogenesis: i T<TCI |
e Strong non-equilibrium [
« Satisfies Sakharov condition s =T
Dark matter: N
* New kinetics via bubble expansion rFalse Vacuum iAVT
 Dilution, Filtration, etc. - FOPT =2 1o
1805.01473, 1912.02830, ... T
¢
Classically Conformal can provide an FOPT
2 2
_ 2 2
g — s Flat: V1°(0) = 0 + % _______
= \ N = \ Z | Quadratic ~ ¢2
¢ ~0 ¢~0 ¢ ~0
Flatter than polynomialat ¢ ~ 0 » Supercooled FOPT (T, < w)
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Dark Matter in a Supercooled Universe
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After FOPT

Almost Empty!

FOPT >

¢

Vacuum energy AV release:

Temp: T, — T,y ; Entropy: s — S(

Dilution of DM: Y., ~
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Dark Matter in a Supercooled Universe
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mg < my mg > my
WIMP:  gx~0(1—=10"%),  my~0(0.1-10) TeV
Supercooled DM: gx ~0(107' =107%),  my ~ O0(1 —10%) TeV
Monopole cannot account for the observed relic abundance, also see 2509.21924
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FOPT and GW

Novel dynamics | > Novel detect way

4(5) key parameters:

T, : Temperature after FOPT reheating
a: Strength of FOPT

R.H.(f/H): scale(speed) of FOPT

v, Speed of bubble expand

-QGW(T*: a, R, vw) = Qgw + Qcor + Qeyrp

False
vacuum

True
vacuum

a>1
vy ~ 1

LISA Detectable:
B/H, ~ 1072

99

1512.06239; 1910.13125; 2305.02357; etc
Supercooled FOPT: "' (a B/H, T, 3,) = (1e4, 100,100 GeV,0.99)

t -------- Collision

1 mm==- Sound Waves

Turbulence

Total

I — Lisa

] — Taiji

=] — TianQin

Details in backup
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Phenomenology

Current experimental constraints
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Phenomenology
Projected sensitivities of future experiment
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WIMP & Supercooled DM can be probed via GW by LISA & BBO
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Conclusion

Model

e Classically Conformal: hopeful way to solve hierarchy problem
« SU(2) triplet: ensures the stability of vector DM (X /X ™)

Mechanics
Supercooled FOPT:
* Dilution and reproduction of DM
 (Can be probe via GW

LISA & BBO detectable DM Landscape

Tips:
* Take initial bubble radius R, into account in extreme supercooled FOPT
See following backup for details

Thank you!

2026/5/17 Cheng-Hao Zhan, Beihang Univ. 11



Backup: Monopole

At T,, monopole density 1y, = pn,, p ~ 1071
n, = R;3
0 h2~n;‘np T, 35M 8w [ h\°
mp s. \Tmn) 7 P 3MZ% \H,
oC Ny X R .
~ M 10!

Typically, R,
ypically 5

P i
(]
O 100
3

For B > 1 (e.g.: B = 10%), nj,, »> 1
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Backup: Monopole

At T,, monopole density 1y, = pn,, p ~ 1071
ny = R*_B
0 5 Nmp [ T 3 8w [ h\°
~ S
P Sx Tirn v 3M1§l Hy

Typically, R, ~

Forf > 1(e.g.:f =

Qpph® ~ 0. opole as DM?

1071 E

102
2
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Backup: Ry & R,

(8m)1/3
R, ~
B

In this appendix, we derive the analytical results of the FOPT dynamics under the exponential

w. Assuming fast FOPT & Ry = 0 2404.00646

approximation I'(t) =~ I',e?(*=%)  Assume the FOPT is fast that a(t) almost does not change
during the transition, then the false vacuum fraction can be explicitly integrated out as

A [t t 3 8mud g
F(t) ~ exp {_?ﬁ dtfl—\(tf) (/t‘f dt”q}‘w) } ~ exp {—364/P*€‘j(i t*)} 1 (A]_)

Therefore, in the ¢ — oo limit we obtain R/[(87)"3v,] — 87, and hence (87)'/3v,,/(H.R)
approaches 3/H, [118].

1 w
In Fact: Ry ~———~ ———— X W More supercooling, More large R,
IxTroll  MpVQcD
: (8m)1/3v
In extreme supercooling, 3 = can be smaller than R,

Must consider R, in extreme supercooling

2026/5/17 Cheng-Hao Zhan, Beihang Univ. 14



FOPT and GW: parameter space
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FOPT and GW: details
Small f/H

3/2
S S
~ T4 3 _-3
I'(T)=T (27TT> exp( T>
e Slow FOP

t
P(t) = exp (—4?”] dt'r(tNa3()r(t — t')3> Ry ~ 0 »
t

c

vy Normal supercooling
r(t—t) =R, +j —_df
¢! a(t)
Must consider in extreme supercooling ‘ tzzgtelcgél'[»
Te T(T'
n, (T) = T3 j dT’% P(T") Ro
T Extreme supercooling
_-1/3
R, =n,
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