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Introduction and Motivation

> Extension of SMASH
[1610.01639] G.Ballesteros,

J.Redondo, A.Ringwald, C.Tamarit

> Yukawa-Sector:

L2HDM-II
Y −yν lLH̃dνR−

1

2
yN (νR)cσνR+h.c.

> Explains:

Neutrino masses

Baryon Asymmetry

Strong CP-Problem

Dark Matter

Inflation

> Describes Universe from Inflation to today
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2hdSMASH Scalar Sector

> 2hdSMASH Scalar Potential:
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with complex fields: Φ1,2 =

 h+
1,2

v1,2+h1,2+ia1,2√
2

 , σ = ρ+vσ+iaσ√
2

> Theoretical constraints (Boundedness-from-Below, Perturbative unitarity):

λ1,2,σ > 0 , λ34 > −
√

λ1λ2√
λ1,2λσ > λ1σ,2σ > −

√
λ1,2λσ

λσλ34 − λ1σλ2σ +
√(

λ1λσ − λ2
1σ

) (
λ2λσ − λ2

2σ

)
> 0

λ1σ + λ2σ > 0 , λ1σλ2σ − ε
2

> 0

∣∣λ1,2,3,1σ,2σ

∣∣ < 8π

|λ3 − λ4| < 8π

1

2

∣∣∣∣λ1 + λ2 +
√

(λ1 − λ2)2 + 4λ2
3

∣∣∣∣ < 8π

1

2

∣∣∣∣λ1σ + λ2σ +
√

16ε2 + (λ1σ − λ2σ)2
∣∣∣∣ < 8π

1

2

∣∣∣∣λ3 + 2λ4 + λσ +
√

16ε2 + (λ3 + 2λ4 − λσ)2
∣∣∣∣ < 8π

DESYª | The νDFSZ Axion model dubbed 2hdSMASH | Michael Matlis | Hamburg, Germany, 24th May 2021 Page 4

http://creativecommons.org/licenses/by/4.0/


Constraint from Hidden-Scalar Inflation in 2hdSMASH

> Chaotic Inflation with non-minimal ξσ coupling to gravity R: −L
√
−g

⊃
[
M2

Pl

2
+ ξσ |σ|2

]
R + V

> Temperature fluctuations

(anisotropies): Pζ ∼ λσ
ξ2σ

∼ 10−10

> Perturbative unitarity:

ξσ . 1 ⇒ λσ ' 10−10

Credıt : ESA
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From Inflation to Collider Phenomenology

> Inflation stabilises the hierarchy vσ � v
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From Inflation to Collider Phenomenology

λσ(µ)
λσ(mρ)

≈ 1 + 1
4π2λσ(mρ)
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> Inflation requires:

λσ (MPl) ∼ λσ (mρ) ∼ 10−10 ⇒ λ1σ,2σ, ε,

√
Tr

(
y†NyNy†NyN

)
�

√
λσ ' 10−5
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Scalar Masses
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> Pseudoscalar- and Charged Higgs masses:
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] > Numerically acquired Benchmark points satisfying BfB and

perturbative unitarity constraints with λσ = 10−10 and

vσ = 3 · 1010GeV:

BPs mh1 [GeV] mh2 [GeV] mH± [GeV] mA0 [GeV] mρ[GeV] λ1σ,2σ, ε λ1,2,3,4 tβ

BP1 125.19 864.92 865.23 865.19 3 · 105 10−15, 10−15, 2.5 · 10−16 1.2, 2.59 · 10−1, 1,−0.1 6.5

BP2 125.08 1212.86 1212.92 1212.91 3 · 105 10−15, 10−15, 2.5 · 10−16 1.2, 2.51 · 10−1, 1,−0.1 13

BP3 125.17 1711.52 1711.53 1711.53 3 · 105 10−15, 10−15, 2.5 · 10−16 1.2, 2.57 · 10−1, 1,−0.1 26
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Conclusions & Outlook

> Conclusions:

Inflation requires λσ ∼ 10−10 ⇒ Mass-scale mρ drops significantly

Requiring λσ (MPl) ∼ λσ (mρ) ∼ 10−10 ⇒ Higgs-Portal couplings are forced to be very

small (stability of RGE βλσ
)

Scalar Masses are at/near the EW-scale and can be potentially probed by LHC, HL-LHC

or future colliders

> Outlook

Checking whether Benchmark scenarios pass collider constraints (work in progress)

Acquiring more Benchmark scenarios and evolve parameters to Planck-scale

(work in progress)

Investigating Pre-/Reheating stages of the Universe
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Thank you!

Contact

DESYª Deutsches Michael Matlis

Elektronen-Synchrotron
Theory Group
michael.maxim.matlis@desy.de

www.desy.de +49–40–8998–4236
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