arXiv:1109.2722v1 [hep-ph] 13 Sep 2011

KANAZAWA-11-16, P11051

A light Scalar Dark Matter for CoGeNT and DAMA in D_6 Flavor Symmetric Model

Yuji Kajiyama^{a1} , Hiroshi Okada^{b,c2} and Takashi Toma^{d,e3}

aAkita Highschool, Tegata-Nakadai 1, Akita, 010-0851, Japan bCentre for Theoretical Physics, The British University in Egypt, El Sherouk City, Postal No, 11837, P.O. Box 43, Egypt cSchool of Physics, KIAS, Seoul 130-722, Korea d Institute for Theoretical Physics, Kanazawa University, Kanazawa, 920-1192, Japan eMax-Planck-Institut für Kernphysik, Postfach 103980, 69029 Heidelberg, Germany

Abstract

We try to interpret a very light dark matter with mass of 5 ∼ 10 GeV which is in favor of the recent experiments reported by CoGeNT and DAMA, in a non-supersymmetric extension of radiative seesaw model with a family symmetry D_6 × Ẑ_2 × Z_2. We show that a D_6 singlet real scalar field can be a promising dark matter candidate, and it gives the elastic cross section σ ≃ 7 × 10^{−41} cm^2 which is required by these experiments. Our dark matter interacts with a D_6 singlet scalar Higgs boson, which couples only to quark sector. The dark matter-nucleon cross section and new decay mode h →DM DM can be large if the standard model Higgs boson h is light. The Higgs phenomenology is also discussed.

1kajiyama-yuuji@akita-pref.ed.jp 2HOkada@Bue.edu.eg 3t-toma@hep.s.kanazawa-u.ac.jp

1 Introduction

The existence of the dark matter (DM) in the Universe has been established by measurements. The WMAP experiment tells us that the amount of the DM is considered about 23% of energy density of the Universe [1], while the baryon density is about 4 %. Recently, it is reported that DM mass is favored in the range 5−10 GeV by the direct detection experiments of Contact Germanium Detector (CoGeNT) [2] and DArk MAtter (DAMA) [3].

If an asymmetry between DM and anti-DM is correlated to baryon asymmetry, the above measurements suggest that DM is about 5-6 times heavier than baryon (nucleon) due to the ratio of the two asymmetries. Since it is in fact a natural way to interpret that DM mass should be 5 − 10 GeV, many authors have been working with many scenarios of this direction, which is called “Asymmetric Dark Matter” scenarios [4].

In this letter, instead, we try to interpret the lightness of DM in a non-supersymmetric extension of radiative seesaw model with a family symmetry based on D_6 × Ẑ_2 × Z_2 (see also a review of non-abelian discrete symmetry [5]). There are many works based on D_6 flavor symmetry [6] and radiative seesaw mechanism [7]. The relation between DM and flavor symmetry is discussed in Ref.[8, 9, 10, 11]. We show that a D_6 singlet real scalar field could be a promising DM candidate, and gives the elastic cross section σ ≃ 7×10^{−41} cm^2 which is required by these experiments. Our DM interacts with nucleons through the t-channel diagram mediated by D_6 singlet scalar Higgs boson ϕ_S , and the resulting elastic cross section can be large for relatively light Higgs boson. At the same time, the SM Higgs boson decays into two DM particles. The branching ratio of the new decay mode becomes large for the case of light Higgs boson. Therefore, the light SM Higgs boson (m_h ∼ 120GeV) is favored in our model.

Recently, ATLAS [12] and CMS [13] reported an upper bound of the standard model (SM), in which the Higgs mass is excluded in the range between 145 GeV and 466 GeV. However our SM Higgs is relaxed due to the mixing in the multi-Higgs sector. We show that the mass of our SM Higgs comes into the allowed range in our parameter space. And also we show our branching ratios, in which the new mode that SM Higgs decays into two light DM particles is depicted.

This paper is organized as follows. In section 2, we review our model briefly. In section 3 and 4, we analyze the Higgs potential and the DM mass from WMAP, respectively. In section 5, We discuss the direct detection of DM for CoGeNT/DAMA. In section 6, we analyze the Higgs phenomenologies and discuss our SM Higgs. Section 7 is devoted to conclusions.

2 The Model

We consider a non-supersymmetric extension of radiative seesaw model with a family symmetry based on D_6 × Ẑ_2 × Z_2 [14]. We introduce three Higgs doublets ϕ_{I,S}, three inert doublets η_{I,S}, and one inert singlet φ, where I = 1, 2 and S denote D_6 doublet and singlet, respectively. We assign charges of SU(2)_L ×U(1)_Y and D_6 ×Ẑ_2 ×Z_2 to each field in specific way shown in Table 1. All quarks

L_S n_S e^c_S L_I n_I e^c_I ϕ_S ϕ_I η_S η_I φ SU(2)_L × U(1)_Y (2, −1/2) (1, 0) (1, 1) (2, −1/2) (1, 0) (1, 1) (1, −1/2) (1, −1/2) (1, −1/2) (1, −1/2) (1, 0) D_6 1 1^{′′′} 1 2^′ 2^′ 2^′ 1 2^′ 1^{′′′} 2^′ 1 Ẑ_2 + + − + + − + − + + + Z_2 + − + + − + + + − − −

Table 1: The SU(2)_L × U(1)_Y × D_6 × Ẑ_2 × Z_2 assignment for the leptons and the Higgs bosons. The subscript S indicates a D_6 singlet and the subscript I which run from 1 to 2 indicates a D_6 doublet. L_I and L_S denote the SU(2)_L-doublet leptons, while e^c_I , e^c_S , n_I and n_S are the SU(2)_L-singlet leptons.

and a Higgs doublet ϕ_S are assigned to be full singlet under the family symmetry D_6 × Ẑ_2 × Z_2. Thus the quark sector is basically the same as the SM, and ϕ_S is regarded as the SM Higgs in the quark sector. No other Higgs bosons can couple to the quark sector at tree-level and then tree-level flavor changing neutral currents (FCNCs) do not exist in the quark sector. The right-handed neutrinos n_I , n_S, the inert Higgs doublets η_I , η_S and φ are odd under the Z_2 symmetry which plays the role of R-parity in supersymmetric models. Although the field contents of our model are same as [15], the Z_2 charge of φ is different. This ensures the stability of of φ, which is our DM candidate. As shall be discussed later, the gauge singlet φ is found to be a good DM candidate, which plays an important role to explain the direct detection measurements of DM reported by CoGeNT and DAMA.

The most general renormalizable D_6 × Ẑ_2 × Z_2 invariant Yukawa interactions in the lepton sector are found to be

L_Y = ∑ a,b,d=1,2,S [ Y^{ed}_{ab} (L_aiσ_2ϕ_d)e^c_b + Y^{νd}_{ab} (η^†_dL_a)n_b ] − ∑ I=1,2 M_1 2 n_I n_I − M_S 2 n_S n_S . (2.1)

We assume that the electroweak symmetry breaking is caused by the vacuum expectation values (VEVs) ⟨ϕ_1⟩ = ⟨ϕ_2⟩ ≡ v_D/2 , ⟨ϕ_S⟩ = v_S / √ 2, V^2 ≡ v^2_D + v^2_S = (246 GeV)^2 and ⟨η_{I,S}⟩ = ⟨φ⟩ = 0 [16]. The form of the mass matrix of charged leptons is determined by the flavor symmetry and VEV alignments. See Ref.([14]) for detalis. In the neutrino sector, Yukawa couplings in the mass eigenstates are given by

Y^S = U^T_{eL}Y^{νS}, Y^± = 1 √ 2 U^T_{eL}(Y^{ν1} ± Y^{ν2}), (2.2)

Y^S ≃ 0 0 h_3 0 0 √ 2ϵ_eh_3 0 0 0 , Y^+ ≃ h_4−2ϵ_eh_2 √ 2 h_4√ 2 0 h_2 + ϵ_eh_4 ϵ_eh_4 0 0 h_2 0 , Y^− ≃ h_4√ 2 −h_4−2ϵ_eh_2 √ 2 0 ϵ_eh_4 h_2 − ϵ_eh_4 0 −h_2 0 0

, (2.3)

where the Dirac Yukawa couplings h_i (i = 2, 3, 4) are of order one, ϵ_e ≡ m_e/( √ 2m_μ) and U_{eL} is diagonalization matrix for the mass matrix of charged lepton. Notice that the D_6 singlet righthanded neutrino n_S couples only with L_S and η_S . In the present model Dirac neutrino mass term does not exist because of the exact Z_2 symmetry and vanishing VEVs of η_{I,S}. Thus, although canonical seesaw mechanism does not work for generating light Majorana neutrino masses, radiative seesaw mechanism works at one-loop level[17]. In this mechanism, Majorana mass is proportional to h^2_i κV^2M/(16π^2(M^2 − m^2_η )), where M is heavy Majorana neutrino mass (M_1 or M_S ) and κ denotes typical coupling constant of non self-adjoint terms such as (ϕ^†η)^2 in the Higgs potential. Since a new U(1) symmetry appears in the limit of κ → 0, it is natural to suppose that the small breaking of the U(1) symmetry ensures the smallness of neutrino masses. Therefore, we take κ ≪ 1, M_{1,S} = O(TeV) and h_i = O(1) to give neutrino masses.

3 Higgs Potential

In this section, we analyze the Higgs potential in our model. As discussed in Refs.[14, 16], the Higgs potential consists of D_6 symmetric and breaking terms. Since the D_6 invariant Higgs potential has an accidental global O(2) symmetry, the breaking terms must be introduced in order to forbid massless Nambu-Goldstone (NG) bosons. Essentially, such soft D_6 breaking terms are mass terms of the Higgs bosons. For the potential of (ϕ_I , ϕ_S), the soft D_6 breaking mass terms [16] are given by

V (ϕ)_{soft} = μ^2(ϕ^†_2ϕ_1 + ϕ^†_1ϕ_2) + ( μ^2_4ϕ^†_S(ϕ_1 + ϕ_2) + h.c. ) , (3.1)

where μ^2 is real while μ^2_4 is complex in general. The mass term of (ϕ_I , ϕ_S) is dominated by Eq.(3.1), and subdominantly given by D_6 invariant terms of order V^2. One finds that the D_6 breaking terms Eq.(3.1) preserve the minimal symmetry S_2 under ϕ_1 ↔ ϕ_2. The key point is that the S_2 invariance is required not only to ensure the vacuum alignment ⟨ϕ_1⟩ = ⟨ϕ_2⟩ ≠ 0 but also to forbid NG bosons which violate the electroweak precision test of the SM.

Since the Higgs potential of ϕ_{I,S} and η_{I,S} are analyzed in Ref.[14], we do not explicitly show that

here again. In the present model, the new field φ is introduced and it plays an important role in our

analysis. Therefore we explicitly show the potential including φ. The most general renormalizable

D_6 × Ẑ_2 × Z_2 invariant Higgs potential of φ is given by

V (φ) = m^2φ^2 + λ_1φ^4, (3.2)

V (ϕ, φ) = λ_2(ϕ^†_Sϕ_S )φ^2 + λ_3(ϕ^†_I ϕ_I )φ^2, (3.3) V (η, φ) = V (ϕ, φ)(ϕ → η), (3.4) where all parameters are considered to be real without loss of generality. By using the decomposition

of SU(2)_L doublets ϕ_{I,S},

ϕ_I = 1 √ 2 ( v_D/ √ 2 + ρ_I + iσ_I √ 2ϕ^−_I ) , ϕ_S = 1 √ 2 ( v_S + ρ_S + iσ_S √ 2ϕ^−_S ) , (3.5)

we find the mass matrix of neutral Higgs bosons as

H^tM^2_h H = 1 2 ( ρ σ φ ) M^2_{ρ,ρ} M^2_{ρ,σ} 0

M^2_{ρ,σ} M^2_{σ,σ} 0

0 0 M^2_{φ,φ} ρ σ φ , (3.6)

where ρ = (ρ_I , ρ_S ), σ = (σ_I , σ_S ). Each 3 × 3 element M^2_{ρ,ρ}, M^2_{ρ,σ}, M^2_{σ,σ} are given by [14]

M^2_{ρ,ρ} ≃ 0 2μ^2 √ 2Re(μ^2_4)

2μ^2 0 √ 2Re(μ^2_4) √ 2Re(μ^2_4) √ 2Re(μ^2_4) 0 + a_{ρ,ρ}v^2_D a_{ρ,ρ}v^2_D b_{ρ,ρ}v_Dv_S a_{ρ,ρ}v^2_D a_{ρ,ρ}v^2_D b_{ρ,ρ}v_Dv_S b_{ρ,ρ}v_Dv_S b_{ρ,ρ}v_Dv_S c_{ρ,ρ}v^2_S , (3.7)

M^2_{σ,σ} ≃ 0 2μ^2 √ 2Re(μ^2_4)

2μ^2 0 √ 2Re(μ^2_4) √ 2Re(μ^2_4) √ 2Re(μ^2_4) 0

+ a_{σ,σ}v^2_D + a^′_{σ,σ}v^2_S b_{σ,σ} v^2_D c_{σ,σ}v_Dv_S b_{σ,σ} v^2_D a_{σ,σ}v^2_D + a^′_{σ,σ}v^2_S c_{σ,σ}v_Dv_S c_{σ,σ}v_Dv_S c_{σ,σ}v_Dv_S d_{σ,σ}v^2_D , (3.8)

M^2_{ρ,σ} ≃ 0 0 √ 2Im(μ^2_4) 0 0 √ 2Im(μ^2_4) √ 2Im(μ^2_4) √ 2Im(μ^2_4) 0 + a_{ρ,σ}v^2_S 0 −b_{ρ,σ} v_Dv_S 0 a_{ρ,σ}v^2_S −b_{ρ,σ} v_Dv_S b_{ρ,σ}v_Dv_S b_{ρ,σ}v_Dv_S cv^2_D ,(3.9) where the coefficients a_{ρ,ρ}’s are of O(1). The φ term is given by

M^2_{φ,φ} = 2m^2 + v^2_S λ_2 + v^2_Dλ_3. (3.10)

Note that φ is mass eigenstate automatically due to the exact Z_2 symmetry. The stable minimum conditions are found by partially differentiating the potential by φ as ∂V ∂φ | | |_{φ→0} = 0,

∂^2V ∂φ^2 | | |_{φ→0} = M^2φ,φ, ∂^2V ∂φ∂v_{S(D)} | | |_{φ→0} = 1 √ 2 v_{S(D)}m_{4(5)}. (3.11)

Therefore, we simply obtain the vacuum conditions for ⟨ϕ_{I,S}⟩ ≠ 0 and ⟨φ⟩ = 0 as M^2_{φ,φ} > 0. Since φ is mass eigenstate, the mass matrix M^2_h is diagonalized by the 7 × 7 orthogonal matrix O which is decomposed into 6 × 6 and 1 × 1, as OM^2_h O^T . Notice that quarks couple only with ϕ_S via Yukawa interactions, and also that there is no mixing between ϕ and η because η_{I,S} do not get VEVs.

The SM Higgs is described in terms of the linear combination of flavor eigenstate fields as

SM-Higgs = O_{11}ρ_1 + O_{12}ρ_2 + O_{13}ρ_S + O_{14}σ_1 + O_{15}σ_2 + O_{16}σ_S , (3.12)

where we hereafter define the SM Higgs mass as m_h. The other combinations correspond to heavy neutral Higgs bosons with mass of O(1) TeV. From Eq.(3.3), we write down the key interacting term in the direct detection as V (ϕ, φ) ∼ λ_2v_S O_{31}ρ_S φ^2. (3.13)

4 Constraint from WMAP

Our dark matter candidate φ annihilates into fermion pair f_if̄_j , where i, j are generation indices, via h_a-mediated s-channel diagram. There exist six Higgs bosons h_a (a = 1 − 6) in our model. The relevant operators are originated from the Higgs potential and the Yukawa interactions, which are given by L = − [ λ_2v_S O_{a3} + √ 2λ_3v_D (O_{a1} + O_{a2}) ] h_aφ^2 + 1 √ 2 Y_{ui}ū_i [(O_{a3} − iO_{a6}) P_L + (O_{a3} + iO_{a6}) P_R] u_ih_a + 1 √ 2 Y_{di}d̄_i [(O_{a3} + iO_{a6}) P_L + (O_{a3} − iO_{a6}) P_R] d_ih_a + 1 √ 2 ē_i [ U^†_{eR} { (Y^{e1})^T (O_{a1} + iO_{a4}) + (Y^{e2})^T (O_{a2} + iO_{a5}) } U_{eL} ] ij P_Le_j h_a + 1 √ 2 ē_i [ U^†_{eL} { Y^{e1} (O_{a1} − iO_{a4}) + Y^{e2} (O_{a2} − iO_{a5}) } U_{eR} ] ij P_Re_j h_a (4.1) ≡ − 1 2 A_ah_aφ^2 + ū_i (B_aP_L + B^∗_aP_R) u_ih_a + d̄_i (C_aP_L + C^∗_a P_R) d_ih_a

+(ē_iD^a_{ij} P_Le_j h_a + h.c.), (4.2)

where repeated indices are summed up as a = 1 − 6, and i, j = 1 − 3 for M_φ > m_{i,j}. We simply find

the thermally averaged cross section ⟨σv⟩ for the annihilation of two φ’s [18] from Fig.1 ⟨σv⟩ = a + b 6 x + · · · , (4.3) a = ∑ a,i,j ∑ X |A_a|^2 I_{2,i,j} 1 4M^2_φm^2_a(m^2_a + Γ^2_a) × [(| |X^a_{ij} | |^2 + | |X^a_{ji} | |^2 ) ( 4M^2_φ − m^2_i − m^2_j ) − 2m_im_j ( X^a_{ij} X^a_{ji} + h.c. )] , (4.4) b = − 1 4 a + ∑ a,i,j ∑ X |A_a|^2 I_{2,i,j} 1 4m^2_a(m^2_a + Γ^2_a) (| |X^a_{ij} | |^2 + | |X^a_{ji} | |^2 ) , (4.5) I_{2,i,j} = 1 8πM^2_φ √( M^2_φ − (m_i + m_j )^2 ) ( M^2_φ − (m_i − m_j )^2 ) , (4.6)

where M_φ is φ mass which is our DM candidate and the coupling X^a_{ij} stands for B_aδ_{ij} , C_aδ_{ij}, D^a_{ij}.

The parameter x is the ratio of the DM mass M_φ and the temperature of the Universe T ; x = M_φ/T .

The mass parameters m^2_i and m^2_j are fermion masses of the final states, and m^2_a and Γ_a are mass and

decay width of the intermediating Higgs bosons, respectively.

In Fig. 2, we show the allowed region; 0.09 ≤ Ω_dh^2 ≤ 0.12 at 3σ [19], in the Ωh^2 − M_φ plane, in

which one finds that there is a wide allowed range. In our model, either of |λ_{2,3}| is of O(1) to find

the promising points. Since we take |λ_2| ≃ O(0.01) to fit the experiments from the direct detections

in the next section, |λ_3| ≃ O(1) plays an important role for obtaining the relic abundance. As can f_i

f̄_j ρ_{S,I} = h_a φ

φ Figure 1: Annihilation diagrams of φ for the cross section ⟨σv⟩. Where f runs all the fermions; leptons and quarks

whose masses are less than M_φ.

been seen from Fig.2, we find the allowed mass range as follows: 2 GeV < M_φ for m_h = 115 GeV, (4.7) 8 GeV < M_φ for m_h = 200 GeV. (4.8) Notice in the figure that the range of m_h; 115−200 GeV, is not forbidden by the current experiments of ATLAS and CMS due to the mixing between multi-Higgs bosons, as can been shown in the section 6.

Figure 2: The allowed region in the Ωh^2 − M_φ plane in which 0.09 ≤ Ω_dh^2 ≤ 0.12.

5 Direct Detection φ

q̄ ρ_S φ

q Figure 3: The t-channel diagram for the direct detection of DM.

We analyze the direct detection search of DM through the experiments of CoGeNT [2], DAMA [3], including XENON100 [20]. The global fit analysis of DM mass and elastic cross section is done in Ref.[21]. The main contribution to the spin-independent cross section comes from the t-channel diagram mediated by ρ_S , as depicted in Fig.3. Then the resultant cross section for a proton is given by σ^{(p)}_{SI} = 4 π ( m_pM_φ m_p + M_φ

)_2

|f_p|^2, (5.1)

with the hadronic matrix element f_p m_p = ∑ q=u,d,s f^{(p)}_{Tq} α_q m_q + 2 27 ∑ q=c,b,t f^{(p)}_{T G} α_q m_q , (5.2)

where m_p is the proton mass [22, 23]. The effective vertex α_q in our case is given by α_q ≃ O_{31}O_{31}λ_2 m^2_h m_q M_φ , (5.3)

where m_q is quark mass. Notice that since the quark sector couples only to ϕ_S , the diagram mediated by the real part ρ_S of ϕ_S gives dominant contribution.

In the numerical analysis, we set the Higgs masses to avoid the lepton flavor violation (LFV) process as follows:

115 GeV ≤ m_h ≤ 200 GeV, 1000 GeV ≲ Other five neutral Higgs boson masses. (5.4) σ^{(p)}_{SI} [cm^2]

M_φ [GeV] m_h = 115 GeV

m_h = 200 GeV

Figure 4: The spin-independent cross section as a function of the DM mass for the direct detection [2, 3]. The longitudinal black line represents the SM Higgs boson mass range.

We have investigated that we can choose the above parameter ranges by numerical calculation. Under this setup, the elastic cross section is shown in Fig.4. Where we set |O_{31}O_{31}λ_2| = 0.005. We plot the DM mass M_φ in the region 1 − 20 GeV. From Fig.4, we can see that the lighter mass of SM Higgs is favored by CoGeNT and DAMA experiments in our parameter set.

6 Higgs Phenomenology

Recently ATLAS and CMS reported the upper limit of the SM Higgs mass, in which there are no significant excess in the range around 145 ≤ m_h ≤ 466 GeV. However once there are mixing between SM Higgs and the other neutral bosons, such an upper bound could be relaxed due to the coefficient of the mixing. In our case, actually, since we have the O_{31} coefficient, the constraint is dramatically relaxed^1. In Fig. 5, one finds that there is no constraint from ATLAS and CMS. Where we take |O_{31}|^4 ≃ 0.13 in the direct detection benchmark.

In case of decay, our SM Higgs [24] has a new channel of h → φφ whose vertex is proportional to v_sO_{31}λ_2. One finds that it affects on the branching ratios of the Higgs by comparing the left and right panel in Fig. 6. In particular, the new contribution could be second dominant for the lower range of m_h, then it goes down for the higher range, as can been seen from the right panel of Fig. 6.

1We would like to thank Jong-Chul Park for the useful discussions

7 Conclusions

We have considered the rather light DM in favor of the direct detection recently reported by CoGeNT, DAMA (and XENON100) in a D_6 symmetric radiative seesaw model. We found that a gauge and D_6 singlet scalar boson φ can be a promising DM candidate in the ragion 1 − 20 GeV and be consistent with the WMAP experiment. Together with them, one finds that rather smaller SM Higgs mass is favored if these experiments could detect the DM near the current bound. We have also shown that our SM Higgs mass bound recently reported by the ATLAS and CMS experiments can be escaped due to the mixing between SM Higgs and other neutral bosons. In our benchmark of the direct detection, especially, we found that the Higgs mass is not constrained throught the both of the experiments.

Acknowledgments

H.O. thanks to Prof. Eung-Jin Chun, Dr. Jong-Chul Park, and Dr. Priyotosh Bandyopadhyay for fruitful discussion of Higgs phenomenologies. This work is supported by Young Researcher Overseas Visits Program for Vitalizing Brain Circulation Japanese in JSPS (T.T.). H.O. acknowledges partial supports from the Science and Technology Development Fund (STDF) project ID 437 and the ICTP project ID 30.

References

[1] E. Komatsu et al. [WMAP Collaboration], Astrophys. J. Suppl. 192, 18 (2011) [arXiv:1001.4538 [astro-ph.CO]].

[2] C. E. Aalseth et al. [CoGeNT collaboration], Phys. Rev. Lett. 106, 131301 (2011) [arXiv:1002.4703 [astro-ph.CO]].

[3] R. Bernabei et al. [DAMA Collaboration], Eur. Phys. J. C 56, 333 (2008) [arXiv:0804.2741 [astro-ph]]. R. Bernabei et al., Eur. Phys. J. C 67, 39 (2010) [arXiv:1002.1028 [astro-ph.GA]].

[4] See, for example, A. L. Fitzpatrick, D. Hooper and K. M. Zurek, Phys. Rev. D 81, 115005 (2010) [arXiv:1003.0014 [hep-ph]]; S. Andreas, C. Arina, T. Hambye, F. S. Ling and M. H. G. Tytgat, Phys. Rev. D 82, 043522 (2010) [arXiv:1003.2595 [hep-ph]]; S. Chang, J. Liu, A. Pierce, N. Weiner and I. Yavin, JCAP 1008, 018 (2010) [arXiv:1004.0697 [hep-ph]]; C. Savage, G. Gelmini, P. Gondolo and K. Freese, Phys. Rev. D 83, 055002 (2011) [arXiv:1006.0972 [astro-ph.CO]]; D. Hooper, J. I. Collar, J. Hall, D. McKinsey and C. Kelso, Phys. Rev. D

82, 123509 (2010) [arXiv:1007.1005 [hep-ph]]; D. G. Cerdeno, J. H. Huh, M. Peiro and O. Seto, arXiv:1108.0978 [hep-ph]; N. Haba and S. Matsumoto, Prog. Theor. Phys. 125, 1311 (2011) arXiv:1008.2487 [hep-ph]; X. G. He and J. Tandean, arXiv:1109.1277 [hep-ph].

[5] For a review of non-Abelian discrete symmetry, H. Ishimori, T. Kobayashi, H. Ohki, H. Okada, Y. Shimizu and M. Tanimoto, Prog. Theor. Phys. Suppl. 183 (2010) 1.

[6] E. Ma, Fizika B 14, 35 (2005) [arXiv:hep-ph/0409288]; C. Hagedorn, M. Lindner and F. Plentinger, Phys. Rev. D 74, 025007 (2006) [arXiv:hep-ph/0604265]; A. Blum, C. Hagedorn and A. Hohenegger, JHEP 0803, 070 (2008) [arXiv:0710.5061 [hep-ph]]; A. Blum, C. Hagedorn and M. Lindner, Phys. Rev. D 77, 076004 (2008) [arXiv:0709.3450 [hep-ph]]; H. Ishimori, T. Kobayashi, H. Ohki, Y. Omura, R. Takahashi and M. Tanimoto, Phys. Lett. B 662, 178 (2008) [arXiv:0802.2310 [hep-ph]]; H. Ishimori, T. Kobayashi, H. Ohki, Y. Omura, R. Takahashi and M. Tanimoto, symmetry,” Phys. Rev. D 77, 115005 (2008) [arXiv:0803.0796 [hep-ph]]; A. Adulpravitchai, A. Blum and C. Hagedorn, JHEP 0903, 046 (2009) [arXiv:0812.3799 [hepph]]; A. Blum and C. Hagedorn, Nucl. Phys. B 821, 327 (2009) [arXiv:0902.4885 [hep-ph]]; J. E. Kim and M. S. Seo, JHEP 1102, 097 (2011) [arXiv:1005.4684 [hep-ph]].

[7] A. Zee, Phys. Lett. B 93, 389 (1980) [Erratum-ibid. B 95, 461 (1980)], Nucl. Phys. B 264, 99 (1986); K.S. Babu, Phys. Lett. B 203, 132 (1988); E. Ma, Phys. Rev. Lett. 81, 1171 (1998); L. M. Krauss, S. Nasri and M. Trodden, Phys. Rev. D 67, 085002 (2003) [arXiv:hep-ph/0210389]; M. Aoki, S. Kanemura and O. Seto, Phys. Rev. Lett. 102, 051805 (2009) [arXiv:0807.0361 [hep-ph]]; J. Kubo and D. Suematsu, Phys. Lett. B 643, 336 (2006) [arXiv:hep-ph/0610006]; D. Suematsu, T. Toma and T. Yoshida, Phys. Rev. D 79, 093004 (2009) [arXiv:0903.0287 [hepph]]; D. Suematsu, T. Toma and T. Yoshida, Phys. Rev. D 82, 013012 (2010) [arXiv:1002.3225 [hep-ph]]; Q. H. Cao, E. Ma and G. Shaughnessy, Phys. Lett. B 673, 152 (2009) [arXiv:0901.1334 [hep-ph]]; D. Spolyar, M. Buckley, K. Freese, D. Hooper and H. Murayama, arXiv:0905.4764 [astro-ph.CO].

[8] M. Hirsch, S. Morisi, E. Peinado and J. W. F. Valle, arXiv:1007.0871 [hep-ph]. [9] J. N. Esteves, F. R. Joaquim, A. S. Joshipura, J. C. Romao, M. A. Tortola and J. W. F. Valle, Phys. Rev. D 82 (2010) 073008.

[10] D. Meloni, S. Morisi and E. Peinado, arXiv:1011.1371 [hep-ph].

[11] M. S. Boucenna, M. Hirsch, S. Morisi, E. Peinado, M. Taoso and J. W. F. Valle, arXiv:1101.2874 [hep-ph].

[12] See ”https://twiki.cern.ch/twiki/bin/view/AtlasPublic”.

[13] See ”https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults”. [14] Y. Kajiyama, J. Kubo and H. Okada, Phys. Rev. D 75, 033001 (2007) [arXiv:hep-ph/0610072]. [15] Y. Kajiyama, H. Okada and T. Toma, Eur. Phys. J. C 71, 1688 (2011) [arXiv:1104.0367 [hepph]].

[16] J. Kubo, H. Okada and F. Sakamaki, Phys. Rev. D 70, 036007 (2004). [17] E. Ma, Phys. Rev. D 73, 077301 (2006) [arXiv:hep-ph/0601225]. [18] K. Griest, Phys. Rev. D 38, 2357 (1988).

[19] I. Antoniadis, E. Dudas, D. M. Ghilencea and P. Tziveloglou, arXiv:1012.5310 [hep-ph]. [20] E. Aprile et al. [XENON100 Collaboration], Phys. Rev. Lett. 105, 131302 (2010) [arXiv:1005.0380 [astro-ph.CO]].

[21] J. Kopp, T. Schwetz and J. Zupan, JCAP 1002, 014 (2010) [arXiv:0912.4264 [hep-ph]]. [22] G. Jungman, M. Kamionkowski and K. Griest, Phys. Rept. 267, 195 (1996) [arXiv:hep-ph/9506380].

[23] G. Belanger, F. Boudjema, A. Pukhov and A. Semenov, Comput. Phys. Commun. 180, 747 (2009) [arXiv:0803.2360 [hep-ph]].

[24] A. Djouadi, “The Anatomy of electro-weak symmetry breaking. I: The Higgs boson in the Phys.

Rept. 457, 1 (2008) [arXiv:hep-ph/0503172].

|O_{31}|^4

m_h GeV Figure 5: The excluded regions of the ATLAS and CMS experiments: The red region is excluded by ATLAS, the light green region is excluded by CMS and the brown region is excluded by both experiments. The blue line of |O_{31}|^4 = 0.13 is our benchmark point, which implies that our model is not constrained by both experiments.

Figure 6: The left panel is depicted the branching ratio of the SM Higgs boson. The right panel is depicted the branching ratio of the our SM Higgs boson: The new contribution (blue thick dashed line) is dominant for the lower range of m_h, then it goes down for the higher range.