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Abstract
We consider the model of the composite dark matter based on the QCD-like SU(N) hidden color confining gauge theory.
Our meson-like dark matters (call it dark mesons) are a bounded state of dark quark (𝜓) and anti-dark quark (𝜓) pairs. This dark matter 
sector connects to the Standard model via a real singlet scalar particle. The SU(N) hidden color gauge sector in the dynamical chiral 
symmetry breaking generates Nambu-Goldstone bosons (𝜋෤ dark meson) and massive composite scalar bosons (𝜎෤ dark meson) 
simultaneously. A real singlet scalar particle gives the current mass for the dark quark. The current mass for dark quark breaks explicitly 
chiral symmetry. Nambu-Goldstone bosons are massive, meaning they are dark matter candidates. In the dark mesons of SU(N) hidden
color, the chiral partner of the 𝜋෤ meson is the 𝜎෤ meson (iso scalar-scalar). 𝜎෤ is also a candidate as dark matter. We will investigate the 
invisible process for the Higgs boson’s decay at the future linear collider.

We have assumed that the dark matter section is simply a 
scaled-up version of QCD.
A part of the effective Lagrangian depending on 𝜙:
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Assume: 𝑔గ = 𝑔ఙ ≡ 𝑔

Decay modes & decay width:

Total decay width of 𝝓:
Γ୲୭୲ୟ୪

థ
= Γథ→గశ෪ గష෦ + Γథ→గబ෪ గబ෪ + Γథ→ఙ෥ఙ෥

Summary
The decay mode 𝜙 ⟶ 𝜋଴෪ 𝜋଴෪ is a visible process because it is 𝜋଴෪ ⟶2γ. The other decay modes are invisible processes. We assume that 
𝜎෤ decay into 𝜋ା෪ 𝜋෦ି and 𝜋଴෪ 𝜋଴෪ , do not decay into 2γ (In hadron physics, it is not yet known whether σ meson decay into photons or 
not). 𝜋ା෪ , and 𝜋෦ି could be stable dark matter. We are supposed to identify dark matter through an invisible process at the future linear 
collider.

The hidden sector Lagrangian:

ℒு = −
1

2
Tr𝐹ଶ + Tr𝜓௜ 𝑖𝛾ఓ𝜕ఓ + 𝑔ு𝛾ఓ𝐺ఓ + 𝑔ᇱ𝑄𝛾ఓ𝐵ఓ − 𝑦௜𝜙 𝜓௜

𝐵ఓ = cos 𝜃ௐ 𝐴ఓ − sin 𝜃ௐ𝑍ఓ , 𝑔ᇱ = 𝑒 cos 𝜃ௐ⁄ , 𝑖 = 1,2,3

If the diagonal component of the Yukawa coupling,
𝑦ଵ = 𝑦ଶ ≠ 𝑦ଷ. 

Flavour symmetry breaking: 𝑆𝑈 3 → 𝑆𝑈(2)௏ × 𝑈(1)஻෨

In our present analysis, we omitted 𝜓ଷ. We assume that the 
mesons of which 𝜓ଷ is a constituent are heavy mass.
The Lagrangian of the Higgs portal is as follows.

ℒ௣௢௥௧௔௟ = −
1

2
𝜇ு

ଶ 𝐻ା𝐻 −
1

2
𝜇௦

ଶ𝜙ଶ − 𝜆ு 𝐻ା𝐻 ଶ −
1

4
𝜆௦𝜙ସ −

1

2
𝜆𝜙ଶ 𝐻ା𝐻

Dark quarks are connected to the SM through the Yukawa 
couplings of Higgs and a singlet scalar particle 𝜙. 

Dark hadrons can be observed by the collider experiments. 

In the dark mesons of SU(N) hidden color, the chiral partner 
of the 𝜋෤ meson is the 𝜎෤ meson (iso scalar-scalar). 𝜎෤ is also a 
candidate as dark matter. 

ℒ௜௡௧ = 𝑔గ𝜙 𝜋ା෪ 𝜋෦ି + 𝜋෦ି 𝜋ା෪ + 𝜋଴෪𝜋଴෪ + 𝑔ఙ𝜙𝜎෤𝜎෤
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𝜓ത𝜓 → 𝜋ା෪ , 𝜋෦ି , 𝜋଴෪, 𝜎෤ 
H ϕ

𝜓ത𝜓 → 𝜋෦ି , 𝜋ା෪ , 𝜋଴෪, 𝜎෤ 

×

(The case of 𝑆𝑈(3) hidden color gauge sector)

We use an effective theory for dark matter interactions in the 
framework of the linear sigma model. We scale up the dark 
meson mass ,𝑚஽ெ෪ , by giving the hadron vacuum expectation 
value 𝑣, and the dark matter energy scale 𝑣஽ெ. 

𝑚஽ெ෪ = 𝑚
𝑣஽ெ

𝑣

In hadron physics, the experimental value of σ is not fixed, so 
the results of the LATTICE calculations are used as a reference. 
This result does not fully incorporate the effect of chiral 
symmetry since the simulation is based on the Wilson action.
For the other mesons, the median experimental value was used 
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𝚪𝝓→𝝈෥𝝈෥

𝚪𝐭𝐨𝐭𝐚𝐥

𝚪
𝝓→𝝅𝟎෪ 𝝅𝟎෪
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𝚪𝝓→𝝅శ෪ 𝝅ష෦

𝚪𝐭𝐨𝐭𝐚𝐥

𝑚෥ఙ[TeV]𝑚෥గ[TeV]𝑴థ[TeV]𝑣𝑫𝑴[TeV]

0.11610.29460.58934.6151.08101
0.23160.25610.51232.351.08101
0.08300.30570.61137.7151.8161.67
0.22940.25690.51373.941.8161.67

Brunching ratio

Decay width

Method

Result


