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Mystery of dark matter and a simple paradigm
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Two popular solutions

Weakly Interacting Massive Particles: starting from equilibrium
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Two popular solutions

Weakly Interacting Massive Particles: starting from equilibrium

my =1TeV
2 2

L wa(3) ()

SM DM Lee et al, PRL 39, 165 (1977)
SM : : DM

Accumulates at z~1

—| frozen
—

Yl Ypm
\\\\\H‘ \\\\\H‘ \\\\\H‘ \“\\\\\H

107! 109 10! 102

/ """" ’ z=myx/T

Feebly Interacting Massive Particles: starting from zero
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Two popular solutions

Weakly Interacting Massive Particles: starting from equilibrium
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This talk: A third possibility, WIMP freeze-inT
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Feebly Interacting Massive Particles: starting from zero
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First-order phase transitions

FOPT: decay of the vacuum
Thermal corrections
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Time evolution

“Boiling” of the Universe; bubble nucleation and expansion
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The basic idea
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The basic idea
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The basic idea
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After the (supercooled) FOPT:
1. DM density is negligibly small;

2. DM cannot get back to equilibrium Condition for
since z, = % > 1, even when A is freeze-in!
2
NOT feeble.
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Freeze-in of WIMPs [this talk]

2. WIMP cannot go back to equilibrium due to z, = my /T, > 1
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Freeze-in of WIMPs [this talk]

A typical freeze-in scenario, but happens for WIMPs

10_2 [ [ ||||||| [ [ ||||||| [ [ ||||||| [ I T TTTTI
| WIMP freeze—out: A = 0.65 my=1TeV |
- 0.5\% /1y 2 T
u Qh2~01('>( X) -
Py X A2/ \Tev
10721 Lee et al, PRL 39, 165 (1977) N
— B . le % \* N
N — Qyh“~0.1(1 + 2z < ) —
= B X ( 2) 3.5x10-11 B
P~ Wong and KPX, 2304.00908
10—107 o
- WIMP freeze—in
A=0.1
- N 1 frozen
L —
1014 Yom
| [ ‘ [ ‘ [ ‘ (’\ }
1072 107! 100 10" Ny 102
7= mX/T T

Evolution starts from z, > 1

AT (Ke-Pan Xie) Jb 50 AT 25 Wit R K2 10



A realistic model with Higgs portal WIMP

SM + two singlet scalars!kawana, PRD 105, 103515 (2022)]

A A 1
V = AnlHI® + 52 0% 4+ AlX|* + =2 92 IHI + 5 921X + A XI2IHI?

SM Higgs FOPT scalar dark matter candidate Portal couplings
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A realistic model with Higgs portal WIMP

SM + two singlet scalars(kawana, PRD 105, 103515 (2022)]

A A 1
V = AnlHI® + 52 0% 4+ AlX|* + =2 92 IHI + 5 921X + A XI2IHI?

SM Higgs FOPT scalar dark matter candidate Portal couplings

Coleman-Weinberg potentia”CoIeman et al, PRD 7, 1888 (1973)]
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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
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Viable parameter space
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Viable parameter space

0.30

X back to equilibrium WIMP dark matter X
025 after ¢-FOPT | Produced via freeze-in: hh — XXT;
| o > XXT
0.20 —;
= Direct | * Direct detection gg;~10~*% cm?
~ 0.15 detecti =
etection : ° Br(h - ¢¢)~4% — 9%’
0.0 s | ¢ Gravitational waves f~1073 Hz,
S . . .
B 24 1 LISA, TianQin, Taiji, ...
0.05F =
) {2 = 23 1
H‘HL\H‘H"H\HHHH‘\HHHHE LISA
1 2 3 4 5 TianQin 2.5 x ‘I'U" km D]Fi](‘jlkio
V3 % 10° km -
Taiji gy &
3% 10° km @ ¢ !
, 2000
_ S o LA e
—~ DECIGO 1200

/ B e DE$0

BRI (Ke-Pan Xie) db 5 25 i R A2 16



Conclusion

A novel dark matter scenario based on the 2 — 2 process
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* Generally applied to a lot of new physics models;
* Phenomenology: correlation with WIMP searches &

Thank you!

gravitational waves
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Backup: thermal history (1)

The Global minimum
EW symmetry broken, (h) = vgw; (P) = w
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The local minimum: (h) = (¢p) = 0; EW symmetry preserved
* my = 0, dark matter massless
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Backup: thermal history (2)

At Tocp ~ 85 MeV:QCD confinement!Braun et al, JHEP 06, 024 (2006)]
* AFOPT - N = 6 massless quarks[Pisarski et al, PRD 29, 338 (1984)]
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Backup: thermal history (3)
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Backup: thermal history (4)

At T;: ¢-FOPT; large vacuum energy V), released; reheat

the Universeto T, > T; T,~10 MeV; T,~100 GeV
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Backup: guide for model building (1)

Dark matter
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Backup: guide for model building (2)

Dark matter
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