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Twin Higgs features

Naturalness – Approximate Z2 symmetry between model sectors
utilizes leading order corrections to the Higgs mass.

Universality – Twin Higgs (TH) can be realised as a low energy
limit of very different Standard Model (SM) UV extensions
Dark matter candidates – Variety of options, including twin
quarkonia, dark atoms, twin glueballs, and many, many others.
Verifiability – Great majority of TH variants can be tested at high
luminocity LHC and by exact measurements of cosmic microwave
background.

First-order phase transition (FOPT) – ?

Electroweak (EW) symmetry non-restoration – ?

Gravitational waves – ?
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Scalar potential
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f0 is constrained by the LHC data and naturalness
LHC︷ ︸︸ ︷

3vSM < f0

Naturalness︷ ︸︸ ︷
< 8vSM.

λ is bounded by positive-definiteness of Vtree and perturbativity

0 <︸︷︷︸
Vtree(±∞)>−∞

λ

Perturbativity︷ ︸︸ ︷
< 2π.

Higgs mechanism requires U(4) to be the approximate symmetry
|κ|, |σ|, |ρ| < λ.
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One-loop effective potential

Veff(hA, hB ,T ) = Vtree(hA, hB) + VCW(hA, hB) + Vtherm(hA, hB ,T ),

where
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Z2-breaking and phase transition

At T ∼ f0 global minimum rests at hA = hB = 0.
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[1] K. Fujikura et al. “Phase transitions in twin Higgs models”, JHEP, 2018.12
(2018): 1-35.
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Z2-breaking in twin lepton Yukawas
Enhancment of the twin Yukawa couplings makes ζTS > ζSM in√

ζTS
ζSM

(
1 − σ

λ

)
and thus allow for TSM > TTS, even for positive σ.

Experimental bounds for lepton partners are less stringent than those
for the new coloured states.
It is relatively easy to construct the UV extensions of TH where twin
lepton Yukawas are big, without violating the naturalness.

We consider two variants:

1 The UV agnostic TH with enhanced lepton Yukawas ŷl ≫ yl .
2 The MSSM∗-like extension with scalar lepton partners

m̂2
sl R = µ̂2

R +
1
2
ỹ2
l h

2
B cos2 β − 1

4
g ′2h2

B cos(2β),

m̂2
sl L = µ̂2

L +
1
2
ỹ2
l h

2
B cos2 β − 1

8
(g2 − g ′2)h2

B cos(2β).

*MSSM-Minimal Supesymmetric Standsrd Model
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2 The MSSM∗-like extension with scalar lepton partners

m̂2
sl R = µ̂2

R +
1
2
ỹ2
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Experimental bounds for lepton partners are less stringent than those
for the new coloured states.
It is relatively easy to construct the UV extensions of TH where twin
lepton Yukawas are big, without violating the naturalness.

We consider two variants:

1 The UV agnostic TH with enhanced lepton Yukawas ŷl ≫ yl .
2 The MSSM∗-like extension with scalar lepton partners

m̂2
sl R = µ̂2

R +
1
2
ỹ2
l h

2
B cos2 β − 1

4
g ′2h2

B cos(2β),

m̂2
sl L = µ̂2

L +
1
2
ỹ2
l h

2
B cos2 β − 1

8
(g2 − g ′2)h2

B cos(2β).
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UV agnostic TH with enhanced twin lepton
Yukawas

λ = 1, ρ = 0
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MSSM-like TH

λ = 1, ρ = 0, tan β = 2

Solid lines µ̂2
sl = (90 GeV)2, Dashed lines µ̂2

sl = (290 GeV)2
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Recipe for baryon asymmetry

Ingredients (aka Sakharov Conditions)
1 Baryon number violating process.

2 Sufficient level of C and CP violation.
3 Departure from thermal equilibrium at some point of the Universe

history.
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TH and Darkogenesis

Idea – Baryon asymmetry forms in the twin sector and later is reprocessed
to the SM baryon number.

Necessary ingredients
Source of the twin CP violation – in SUSY TH one can introduce
complex phase in the lepton threelinear term. The impact of this CP
phase on the SM dipole moments would be strongly suppressed.
Transport operator – there are many suitable options, for instance
neutron operator

On =
1
M5 ūR d̄R d̄R ûLd̂Ld̂L + h.c.,

Washout?
After FOPT ends B̂ = X , B = 0
On in equilibrium B̂ ≈ X

2 , B ≈ X
2

On decoupled, SM sphaleros active B + L = 0, B − L ≈ B ≈ X
4

More accurate computation in equilibrium approximation yields B ≈ 0.24X .
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Symmetry non-restoration

f0 = 1 TeV

λ = 1, ρ = 0, tan β = 0.8, ỹl = 2.7
Ignacy Nałęcz Naturalness-guided Search for the Origins of Matter June 6, 2024 16 / 26



Symmetry non-restoration

At T ≪ f0 the effective field theory approximation fixes hB

hB ≈
√
f 2
0 − h2

A.

The leading contribution from fermionic species i reads

δVi(hA,
√

f 2
0 − h2

A) = −niT
4

2π2

[
JF (

m2
i

T 2 ) + JF (
m̂2

i

T 2 )

]
≈ T 2 h2

A

ni(y
2
i − ŷ 2

i )

96
.

Condition for the symmetry non-restoration in TH∑
j∈fermions

nj
4
(ŷ 2

j − y 2
j ) ≥ 5,

[2] O. Matsedonskyi, “High-Temperature Electroweak Symmetry Breaking by SM
Twins”, JHEP, 10.1007 (2021): 4-36.
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Twin leptons, quarks and scalar partners

λ = 1, ρ = 0,

ỹν = 0.9, ŷu = ŷc = 0.4, ŷs = ŷb = 0.3
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Temperature of EW symmetry breaking

ỹν = ỹl = 1
λ = 1, ρ = 0, ŷu = ŷc = 0.4, ŷs = ŷb = 0.3
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Gravitational waves from phase transitions

FOPT can trigger the emission of stochastic gravitational background.

In TH, the leading contribution to gravitational waves (GW) signal
originates from the sound waves in plasma.
In order to compute the GW spectrum from the sound waves, one
needs four input parameters:

1 α - latent heat of the transition,
2 β∗/H∗ - inverse duration time of the transition in Hubble units,
3 Tp - temperature, at which the probability of finding a point still in the

false vacuum is 0.7,
4 vw - terminal wall velocity of the new phase bubbles.

The new generation of GW detectors will partially probe the
range at which gravitational signal from scalar FOPTs is
expected.
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Gravitational waves in UV agnostic TH
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Gravitational waves in SUSY TH
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Non-equilibrium effects
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Non-equilibrium effects
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Conclusions

The scalar phase transition in TH is of the first order, provided a
suitable source of Z2-breaking between twin and SM sectors is present.

The Z2-breaking in the scalar potential can lead to strong FOPT, but
this scenario requires tuning.

TH variants with enhanced lepton Yukawas can realise FOPT without
violating the model’s naturalness.

In TH variants with all fermion Yukawas enhanced SM EW symmetry
is not restored below T ∼ f0.

Stochastic gravitational wave background sourced by the UV-agnostic
TH phase transitions is too weak to be detected in the near future.

In supersymmetric TH extensions the emission of detectable
gravitational signal is not excluded.
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