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Cosmological implications of a supercooled PT at TeV scale energies

→ large signal of GWs at LISA

→ some e-fold of inflation: dilution of heavy DM

→ heavy particle production from bubble collisions

→ cold baryogenesis

Down to QCD temperature

→ PT triggered by QCD condensation

→ cold EW baryogenesis using CP violation from QCD axion

→ QCD axion relic abundance prediction modified: larger fa

Konstandin, Servant 11 

von Harling, Servant 17 

Iso, Serpico, Shimada 17 

Servant 14 

Baratella, Pomarol, Rompineve 18 

We know want to study WIMP DM phenomenology for DM candidates 
acquiring a mass during the PT

→ Naturally motivated in composite Higgs models

∙

∙

∙
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⟨σ⟩ = f

⟨σ⟩ = 0
⟨σ⟩ = f

End of super-cooling through bubble nucleation
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0 σf ρSM(T )

Γσ ≫ H → Treh ≃ Tstart

Decay of scalar σ into SM → Reheating
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DM abundance after supercooling  
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Unbroken group H

with global symmetry G

EWSB in composite Higgs

Strongly interacting sector

Higgs ∈ G/H
→

SSB a
t scale f

→ mHiggs ≲ m* = g* f

Higgs is a pNGBs

The stro
ng 

sector confines 
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∝ N2T4

0 T f

Vconf(σ) = g2
σσ4 − ϵ(σ)σ4

ϵ(σ) = g2
σ ( σ

f )
γϵ

, γϵ < 0Vdec(T ) = − c N2T4

σ

m2
σ f2

16

Super-cooling starts for:  Tstart = (0.1) mσ f

ends for: Tnuc ∝ c1 f Exp − c2
f2

m2
σ

Bruggisser, von Harling, 
Matsedonskyi, Servant 18
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Max pNGB DM mass:
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In case of supercooling 
DM as a pNGB is not 

natural

Conclusion
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Conclusion

Supercooled EW phase transition is well 
motivated in composite Higgs

DM abundance diluted and generated sub-thermally

pNGB DM: Direct Detection
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ℒC =
1
2

Dμ
⃗ϕ TDμ ⃗ϕ −

g2
*

8 ( ⃗ϕ T ⃗ϕ − f 2)
2 ⃗ϕ : 5 of SO(5)

NGBs: ⃗ϕ = ei 2
f Πi(x) ̂Ti [ ⃗0

f + σ(x)] = ( f + σ)
sin Π

f
⃗Π

Π

sin Π
f

⃗Π transforms as the 4 = (2, 2) of SO(4) ≃ SU(2)L × SU(2)R

4 = (2, 2) → 21/2 under SU(2)L × U(1)Y

MCHM: SO(5) → SO(4)

Invert (Hc, H) =
1

2
(iσαΠα + I2 Π4) ⟶ Π(H)



ℒC ⊃
f 2

2 |H |2 sin2 2 |H |
f

DμH†DμH + V1−loop(H)

H =
0

V + h(x)

2
,

ℒC ⊃
g2v2

4 ( |W |2 +
1

2c2
w

Z2) [2 1 − ξ
h
v

+ (1 − 2ξ)
h2

v2
+ …]

v = f sin
V
f

ξ ≡
v2

f 2
≲ 0.2 @95 % ATLAS



0 f σ

Confinement phase transition through

bubble nucleation and end of Supercooling 

Tnuc/f ∝ c1 γϵ e− c2 / γϵ

m2
σ f2

16

∝
1
4

g2
σ |γϵ | f 4

=

Vconf(σ) = g2
σσ4 − ϵ(σ)σ4

ϵ(σ) = g2
σ ( σ

f )
γϵ

mσ = 4g2
σ |γϵ | f2



DM abundance after supercooling  

Ysuper−co = Yeq ( Tnuc

Tstart )
3

,

Yeq =
45gDM

2π4gs
=

4
π4N

Ysub−th ∝ 1010 exp (−2
MDM

Treh )

Supercooling Sub-thermal
SM + SM → DM + DM

dYDM

dz
=

λ
z2 (Y2

DM − Y2eq
DM) z =

mDM

T

λ = Mpl mDM ⟨σannvrel⟩
π gSM

45

T 4
start =

m2
σ f 2

6π2N2

T4
nuc ≃

m2
σ f 2

2π2N2
e−c f2

m2σ

Ysuper−co =
0.1
N

exp (−c1
f 2

m2
σ ) Ysub−th ∝ 1010 exp (−9.5

MDM

mσ f )

λ = 1010 ( gDM

4 )
2

( 110
gs )

3/2
MDM

TeV
σv
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