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The most popular explanation for particle DM
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WIMP freeze-out and FIMP freeze-in
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WIMP freeze-out and FIMP freeze-in
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WIMP freeze-out and FIMP freeze-in
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How to realize freeze-in for WIMPs?

Will be in equilibrium (very abundant) since A is NOT feeble

Needs out-of-equilibrium dynamics, /7’59/;,
especially no DM initially
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How to realize freeze-in for WIMPs?

Will be in equilibrium (very abundant) since A is NOT feeble

WIMP can freeze-in
if the early Universe ‘
is boiling —

Needs out-of-equilibrium dynamics, /7’59/;,
especially no DM initially
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First-order phase transitions

FOPT: decay of the vacuum g |
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First-order phase transitions
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Realizing freeze-in with WIMPs in a strong FOPT

Freeze-in: needs zero DM abundance as initial condition

X Conventional WIMP: initially in equilibrium, very abundant
v Our scenario: preexisting DM is diluted to zero

Before FOPT After FOPT
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Realizing freeze-in with WIMPs in a strong FOPT

Freeze-in: needs zero DM abundance as initial condition
X Conventional WIMP: initially in equilibrium, very abundant
v Our scenario: preexisting DM is diluted to zero

Before FOPT After FOPT Freeze-in
SM DM
SM : : DM

Freeze-in: during evolution, DM is never in equilibrium
X Conventional WIMP: be back to equilibrium rapidly, since
A is NOT feeble,

v Our scenario: cannot get back to equilibrium because of
X

%

the Boltzmann suppressione Tz = e~?2 (if z,~ TK > 1)
2
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Freeze-in of WIMPs in a boiling Universe

2. WIMP cannot go back to equilibrium due to e ™2 « 1
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Comparison of three scenarios

A typical freeze-in scenario, but happens for WIMPs
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A realistic model with Higgs portal WIMP

SM + two singlet scalars(kawana, PRD 105, 103515 (2022)]
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A realistic model with Higgs portal WIMP

SM + two singlet scalars(kawana, PRD 105, 103515 (2022)]
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SM Higgs FOPT scalar dark matter candidate Portal couplings

Coleman-Weinberg potentia|[CoIeman et al, PRD 7, 1888 (1973)]
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Thermal history (1)

Thermal barrier forbids the direct tunneling
 The Universe is supercooled
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Thermal history (2)

QCD FOPT with 6-flavor massless quarks!fisarski et al, PRD 29, 338 (1984)]
* (QCD phase transition triggers EW phase transition
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Thermal history (3)
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Satisfying conditions of WIMP freeze-in

Satisfying the two conditions of WIMP freeze-in
* Dilution & large z,
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Viable parameter space
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Conclusion

A novel dark matter scenario based on the 2 — 2 process

10_2 I I IIIIII| I IIIIIII| I I IIIIII| I T TTTTI
| WIMP freeze—out: A = 0.65 my=1TeV | SM DM
— WIMP freeze—in
6l « 25
10 T 20
- S 15
N — =10 A=0.1
< < 05
> B >i< 0.0
107101 23 24 25 26 27
L , |
10—147 -
Lol Ll Lol 1 IEEEET . ‘,.,__',._.:-.:"_
1072 107! 10° 10! 102 |7 P
7 = mX/T e ‘ ty ‘

* Generally applied to a lot of new physics models;
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Backup: guide for model building (1)

Dark matter
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Thermal bath particle ~ FOPT scalar
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One-loop level: Coleman-Weinberg potential
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Backup: guide for model building (2)

Dark matter

\
Lo =292 XTX —29?|X1% Vi) =V, +
t t

Thermal bath particle Classically conformal principle

— _
~

Qyh? determined by A and A5

107! premmr e Qpvh? = 0.12--
: Numerical: 15 ~ 0.18910-881
10—3,
5 i Minimal setup: A5 = 1
(0=l =1~ 1079

If A ~ 0.1 (WIMP)
10_7* m " A = /13 =~ 0024‘,

10“7” 107 1073 107! .. ) )
N = additional fermions included

AR (Ke-Pan Xie) Jb BT S Wi R KA~

iz #* (108 =)

22



