arXiv:1306.4505v1 [hep-ph] 19 Jun 2013

Leptophilic dark matter in gauged L_μ − L_τ extension of MSSM

Moumita Das^{1, ∗} and Subhendra Mohanty^{1, †} 1Physical Research Laboratory, Ahmedabad 380009, India

Abstract

Positron excess upto energies ∼350 GeV has been observed by AMS-02 result and it is consistent with the positron excess observed by PAMELA upto 100 GeV. There is no observed excess of anti-protons over the expected CR background. We propose a leptophilic dark matter with an U(1)_{Lμ −Lτ} gauge extension of MSSM. The dark matter is an admixture of the L_μ − L_τ gaugino and fermionic partners of the extra SU(2) singlet Higgs boson, which break the L_μ − L_τ symmetry. We construct the SM⊗U(1)_{Lμ−Lτ} SUSY model which provides the correct relic density of dark matter and is consistent with constrain on Z^′ from LHC. The large dark matter annihilation crosssection into μ^+μ^− and τ^+τ^−, needed to explain PAMELA and AMS-02 is achieved by Breit-Wigner resonance.

∗ moumita@prl.res.in † mohanty@prl.res.in

I. INTRODUCTION

The AMS-02 experiment reports an excess of the positron over the CR background upto energies ∼350 GeV [1], consistent with the positron excess reported by PAMELA upto 100 GeV [2]. In either experiment there is no corresponding excess seen in the anti-protons flux over the CR background. To explain the positron excess of AMS-02 and PAMELA interms of a TeV scale dark matter annihilation, would require the annihilation cross-section of χχ −→ μ^+μ^−, τ^+τ^− of order of 10^{−23} cm^3 s^{−1} [3], but no annihilation into baryons or e^+e^− channels (to avoid a line spectrum in the positron signal). Dark matter with relic density consistent with PLANCK [4] and WMAP [5] observations arises in the neutralino sector of supersymmetric extension of the standard model. In the minimal supersymmetric extension of the standard model, the heavy dark matter in the TeV scale can be Winos [6]. In MSSM the annihilation of Wino dark matter is primarily into W^+W^− and gives a significant antiproton flux, which is not seen by PAMELA or AMS-02 [3, 7]. In this paper we construct a leptophilic dark matter by considering an U(1)_X extension of MSSM, where X = L_μ − L_τ gauge symmetry. It is known that in standard model, one can have anomaly free gauged symmetry [8, 9] if the gauge charges are as following,

(1) B − L , (2) L_1 = L_e − L_μ , (3) L_2 = L_e − L_{−τ} , (4) L_3 = L_μ − L_τ (1)

We choose the L_μ − L_τ symmetry to get μ^+μ^− and τ^+τ^− in the final states dark matter annihilation and to avoid hard positrons and anti-protons in the final states. The L_μ − L_τ symmetry is also a natural frame work for constructing the see-saw model, which can explain the large μ − τ mixing in the light neutrinos [10]. In supersymmetry one has to introduce two extra superfields η̂ and ^̄η to cancel the anomalies from the L_μ − L_τ gauginos. the scalar components of η̂ and ^̄η also provide masses to the L_μ − L_τ gauge boson Z^′. The mass of Z^′, m_Z′ is greater than 2 TeV from recent LHC searches [11]. There can be kinetic mixing between the field strength of the superfields [12]. This gives the kinetic mixing between U_X and U_Y gauge fields and also a mixing between gauginos B̃ and B̃^′. Since m_Z′ is much larger than m_Z , the kinetic mixing is required to be small. This in term means that the mixing between H_u, H_d, η and η̄ in the D-term of the Higgs potential, is small. There is no significant contribution to the tree level lightest CP even Higgs mass from the η and η̄ sector.

The dark matter is a combination of the U_{Lμ−Lτ} gaugino, B̃^′ and the fermionic partner of η and η̄. By taking m_Z′ ∼ 2m_{χ̃1} , we can make the thermal relic density close to the PLANCK observed value of Ω_χh^2 = 0.1199 ± 0.0027 at 68% CL[4]. In the early universe the center of mass energy is not exactly coincident with the mass of Z^′ in the propagator, but in the present era the dark matter velocity is ∼ 10^{−3} and we have annihilation close to the resonance peak [13]. By parameterizing the dark matter mass in terms of m_Z′ as, m^2_Z′ = 4m^2_{χ̃1} (1 − δ) and choosing δ ∼ 10^{−3}, we obtain the required boost factor of 100 needed to explain the AMS-02 flux [3].

The particle content of the model is described in section-II, where we give the superpotential, the kinetic mixing and neutral part of the scalar potential. In section-III we discuss the mass matrices of CP-odd scalar, CP-even scalar and the 7 × 7 neutralino mass matrix arising from gauge eigenstates, {B̃, W̃ , H̃_d, H̃_u, B̃^′, η̃, ~η̄}. In section IV we give the numerical results for scalar and neutralino masses. We also compute the thermal relic density at decoupling, the boost factor of our model in the present era with Breit-Wigner resonance and direct detection constraints. Finally we draw the conclusion of our work in section-V.

II. MODEL

II.1. Particles and Superpotential

We study the supersymmetric model of the SU(3)_C ⊗ SU(2)_L ⊗ U(1)_Y ⊗ U(1)_X gauge theory where, X = L_μ − L_τ . The particle content of the theory is given in Table.(I). In addition to the MSSM, we need to add two fields η̂ and ^̄η to cancel the anomalies from gauginos of U(1)_X . The superpotential of this model can be written as,

W = μĤ_uĤ_d − μ^′η̂^̄η + W_y (2)

where,

W_y = Y_uÛQ̂Ĥ_u − Y_dD̂Q̂Ĥ_d − Y_eÊL̂Ĥ_d (3)

which gives the yukawa interaction of the fermions.

Super Fields→

Groups↓

H_u H_d L_τ L_μ L_e η η̄

SU(3) 1 1 1 1 1 1 1 SU(2) 2 2 2 2 2 1 1 U(1)_Y^1_2 −^1_2 −^1_2 −^1_2 −^1_2 0 0 U(1)_x 0 0 −^1_2^1_2 0 -1 1 TABLE I. Particle content of the theory In this model, there will be an extra gaugino corresponding to the extra U(1)_X group. The extra symmetry breaking part due to the presence of L_μ − L_τ symmetry are as follows, L_{SB} = M_{BB}′B̃B̃^′ − M_B′ 2 B̃^′B̃^′ − m^2_η|η^2| − m^2_{η̄}|η̄^2| − ηη̄B_{μ′} (4)

II.2. Gauge Mixing

In this model, there is a gauge kinetic mixing between U(1)_X and U(1)_Y gauge groups. The general description of gauge kinetic mixing in supersymmetry is discussed in [12]. In Wess-Zumino gauge, the relevant part of the Lagrangian is as follows, L = 1 32 W^αW_α | | |_F + Φ^†e^{2gQV} Φ | D (5) For two different U(1) gauge group, there will be two different W_{W Z} along with their gauge field, gaugino and the auxillary field. Therefore the gauge kinetic term will be ∼ W^{aδ}W^a_δ + W^{bδ}W^b_δ + W^{aδ}W^b_δ (6) Choosing the appropriate basis, we can eliminate the mixing term, but the effect of that is reflected in the gauge covariant derivative as, D_μ = ∂_μ − ig_aq_aA^μ_a − i (g_{ab}q_a + g_bq_b) A^μ_b (7) Similarly gauginos λ̂_{a,b} and auxillary fields D̂_{a,b} in supersymmetry also change as, ĝ_aq_aλ̂^a + ĝ_bq_bλ̂^b = g_aq_aλ^a + (g_{ab}q_a + g_bq_b) λ^b (8) and similar expression is valid for auxillary fields. Due to the mixing, the auxillary fields D_{a,b} can be written as, D_a = − ∑ i g_a q^i_a|ϕ_i|^2 , D_b = − ∑ i ( g_{ab} q^i_a + g_b q^i_a ) |ϕ_i|^2 (9)

In our model, g_a, g_b and g_{ab} describe the U(1)_Y , U(1)_X gauge coupling constant, g_1, g_X and the mixing g_m. This kinetic mixing modifies the D-term as,

V_D|_{U(1)} = 1 2 D^2_a + 1 2 D^2_b (10)

Eq. (10) denotes the only contribution from two U(1) groups. This mixing effects the Higgs sector as well as neutralino sector through the change in the auxillary fields. There will be contribution in D-term from SU(2), similar to the MSSM and the total D-term for our model is,

V_D = g^2_1 + g^2 8 · (H^2_u + H^2_d )^2 4 + 1 8 [ 1 2 g_m ( H^2_u − H^2_d ) − 1 2 g_X ( η^2 − η̄^2 )]^2 (11)

II.3. Neutral Part of Scalar Potential

Neutral part of scalar potential contain three parts as,

V = V_{SB} + V_F + V_D (12)

The soft symmetry breaking part of the neutral scalar is given by,

V_{SB} = m^2_u|H_u|^2 + m^2_d|H_d|^2 − B_μH_uH_d + m^2_η|η|^2 + m^2_{η̄}|η̄|^2 − B_μ′ ηη̄ (13)

where the masses m_i, (i = u, d, η, η̄) can be replaced using the minimization conditions, discussed below.

The F-term of the superpotential can be derived as,

V_F = | | | | ∂W(ϕ) ∂ϕ | | | | 2 (14)

where ϕ denotes the corresponding scalar field of each superfields. Hence the F-term becomes,

V_F = μ^2 2 ( H^2_u + H^2_d ) + μ^{′2} 2 ( η^2 + η̄^2 ) (15)

In the next section we will present the minimization condition of the scalar potential and derive the CP-even, CP-odd and neutralino mass matrices.

III. MASS SPECTRUM

III.1. Minimization conditions

The extended gauge symmetry SU(3)_C ⊗ SU(2)_L ⊗ U(1)_Y ⊗ U(1)_{Lμ−Lτ} breaks into SU(3)_C ⊗ SU(2)_L ⊗ U(1)_{em} when the Higgs doublets H_u and H_d and the other two scalars η and η̄ acquire vevs as, ⟨H_u⟩ = v_u/ √ 2 , ⟨H_d⟩ = v_d/ √ 2 , ⟨η⟩ = v_η/ √ 2 & ⟨η̄⟩ = v_{η̄}/ √ 2. (16)

The neutral part of the scalar fields can be written in terms of real and imaginary part as follows,

H_u= 1 √ 2 (H_{uR} + v_u + iH_{uI} ) & H_d = 1 √ 2 (H_{dR} + v_d + iH_{dI} ) (17) η = 1 √ 2 (η_R + v_η + iη_I ) & η̄ = 1 √ 2 (η̄_R + v_{η̄} + iη̄_I ) (18)

We parametrize the vev of Higgs doublet and extra singlets as follows, tanβ = v_u v_d , v^2_u + v^2_d = v^2 , tanβ^′ = v_η v_{η̄} , v^2_η + v^2_{η̄} = v^2_0 ; (19)

Now, the minimization conditions at tree level,^{∂V}_{∂HuR} =^{∂V}_{∂HdR} =^{∂V}_{∂ηR} =^{∂V}_{∂η̄R} = 0 can be written as, m^2_u = B_μtanβ − |μ^2| − 1 8 ( g^2_1 + g^2 + g^2_m ) (v^2_d − v^2_u) − 1 4 g_mg_X ( v^2_η − v^2_{η̄} ) (20a) m^2_d = B_μcotβ − |μ^2| + 1 8 ( g^2_1 + g^2 + g^2_m ) (v^2_d − v^2_u) + 1 4 g_mg_X ( v^2_η − v^2_{η̄} ) (20b) m^2_η = B_μ′ cotβ^′ − |μ^{′2}| − 1 4 g_mg_X (v^2_d − v^2_u) − 1 2 g^2_X ( v^2_η − v^2_{η̄} ) (20c) m^2_{η̄} = B_μ′ tanβ^′ − |μ^{′2}| + 1 4 g_mg_X (v^2_d − v^2_u) + 1 2 g^2_X ( v^2_η − v^2_{η̄} ) (20d)

These relations are used to replace the soft-breaking parameters in the scalar mass matrices.

III.2. CP-odd Scalar:

The CP-odd mass matrix contain the imaginary part of the neutral scalar and the basis is {H_{dI} , H_{uI} , η_I , η̄_I }. At tree level, Higgs doublet and extra singlet do not mix and the pseudo-scalar mass matrix becomes, Mp^2_{11} = B_μtanβ (21a) Mp^2_2 = B_μcotβ (21b) Mp^2_{12} = Mp^2_1 = B_μ (21c) Mp^2_{33} = B_μ′ tanβ^′ (21d) Mp^2_{44} = B_μ′ cotβ^′ (21e) Mp^2_{34} = Mp^2_{43} = B_μ′ (21f) and remaining 8 components of 4 × 4 matrix are zero. The two CP-odd massive scalars have masses, m^2_A = 2B_μ sin2β & m^2_{Aη} = 2B_μ′ sin2β^′ (22) and the other two CP-odd eigen-vectors represent the massless Goldstone bosons, provide longitudinal components of Z and Z^′ gauge bosons. There is no mixing between {H_{dI} , H_{uI} } and {η_I , η̄_I } sectors.

III.3. CP-Even Scalar:

The basis of the CP-even mass matrix is considered as {H_{dR}, H_{uR}, η_R, η̄_R} and in this basis, the mass matrix has 10 independent entities as follows;

Ms^2_{11} = B_μtanβ + 1 4 ( g^2_1 + g^2 + g^2_m ) v^2_d = m^2_Asin^2β + 1 4 ( g^2_1 + g^2 + g^2_m ) v^2_d (23a) Ms^2_2 = B_μcotβ + 1 4 ( g^2_1 + g^2 + g^2_m ) v^2_u = m^2_Acos^2β + 1 4 ( g^2_1 + g^2 + g^2_m ) v^2_u (23b) Ms^2_{33} = B_μ′ cotβ^′ + g^2_X v^2_η = m^2_{Aη}cos^2β^′ + g^2_X v^2_η (23c) Ms^2_{44} = B_μ′ tanβ^′ + g^2_X v^2_{η̄} = m^2_{Aη} sin^2β^′ + g^2_X v^2_{η̄} (23d) Ms^2_{12} = −B_μ − ( g^2_1 + g^2 + g^2_m ) v_uv_d = −m^2_Asinβcosβ − ( g^2_1 + g^2 + g^2_m ) v_uv_d (23e) Ms^2_{13} = 1 2 g_mg_X v_dv_η (23f) Ms^2_{14} = − 1 2 g_mg_X v_dv_{η̄} (23g) Ms^2_3 = − 1 2 g_mg_X v_uv_η (23h) Ms^2_4 = 1 2 g_mg_X v_uv_{η̄} (23i) Ms^2_{34} = −B_μ′ − g^2_X v_ηv_{η̄} = −m^2_{Aη} sinβ^′cosβ^′ − g^2_X v_ηv_{η̄} (23j)

We will numerically diagonalize the mass matrix and identify the lightest CP-even mass as the 125 GeV Higgs (after radiative corrections).

III.4. Neutralino:

In this model, there are three extra neutralinos corresponding to the extended gauge symmetry. The following neutralino-mass matrix is written in terms of the basis {B̃, W̃ , H̃_d, H̃_u, B̃^′, η̃, ~η̄},

M_{neu} =

M_1 0 −^1_2 g_1v_d^1_2 g_1v_u^1_2 M_{BB}′ 0 0 0 M_2^1_2 g_2v_d −^1_2 g_2v_u 0 0 0 −^1_2 g_1v_d^1_2 g_2v_d 0 −μ −^1_2 g_mv_d 0 0 1 2 g_1v_u −^1_2 g_2v_u −μ 0^1_2 g_mv_u 0 0 1 2 M_{BB}′ 0 −^1_2 g_mv_0^1_2 g_mv_u M_B −g_X v_η −g_X v_{η̄} 0 0 0 0 −g_X v_η 0 −μ^′ 0 0 0 0 −g_X v_{η̄} −μ^′ 0

, (24)

In general, neutralino LSP will be the mixture of seven gauge eigen states {B̃, W̃ , H̃_d, H̃_u, B̃^′, η̃, ~η̄}. However appropriate choice of parameter {M_1, M_2, M_B′ , μ, μ^′} define the characteristics of the neutralino LSP [14, 15].

IV. NUMERICAL ANALYSIS AND RESULTS

The result of this model can be studied in term of various free parameters. Among them, {g_1, g_2, g_x, g_m, v, tanβ, v_0, tanβ^′} are gauge parameters and {B_μ, B_μ′ , m^2_u, m^2_d, m^2_η, m^2_{η̄}} are the soft breaking parameters. We have used the well measured value for U(1)_Y and SU(2) gauge coupling g_1 and g_2 respectively. The vev of the extra singlets determines the mass of the Z^′, m_Z′ of the extra U(1)_X . The masses {m^2_u, m^2_d, m^2_η, m^2_{η̄}} are replaced interm of {μ, μ^′, B_μ, B_μ′ , v, tanβ, v_0, tanβ^′} using the minimization conditions given in Eq. (20d). Hence the independent parameters to calculate the mass spectrum is as follows, (g_x, g_m, tanβ, tanβ^′, m_Z′ , μ, μ^′, B_μ, B_μ′ ) (25) We have taken μ, μ^′ ≃ 1 TeV and the other parameters are as follows, g_x g_m tanβ tanβ^′ m_Z′ 0.2 0.01 40 10.2 2143.6 TeV

IV.1. Masses for CP-even Scalar:

Using the above mentioned values of the parameters at electroweak scale, we can find the following masses for the CP-even scalars.

m_{h,1} m_{h,2} m_{h,3} m_{h,4} 91.3 99.5 200.1 2144.8 TABLE II. Masses are in GeV

In this model, we have considered moderate value for kinetic mixing between the two U(1) gauge group. However this mixing has no significant effect in raising the tree level mass of lowest Higgs beyond what is there in MSSM. Hence we required loop correction to increase the value of lowest Higgs mass and choosing stop mass around ∼ 1 TeV, we get correct enhancement.

m_{h,1} =

91.32 + 3g^2 16π^2M^2_w

M^2_t sin^2β Log ( m^2_{t̃1} m^2_{t̃2} M^4_t ) ≃ 125GeV (26)

where M_w and M_t denote the W-boson and top quark mass and m~_{ti} is the mass of the stop.

IV.2. Masses for CP-odd Scalar and Charged Scalar:

The masses for CP-odd Scalar are given by,

m^2_A = 2B_μ sin2β

= (200.1 GeV)^2 & m^2_{Aη} = 2B_μ′ sin2β^′

= (101.5 GeV)^2 (27)

The mass of the charged scalar is exactly similar to MSSM at tree level and it is,

m^2_h+ = m^2_A + m^2_w = (219.8 GeV)^2 (28)

IV.3. Neutralino

To calculate mass of the neutralinos, we have to fix other free parameters, gaugino masses M_1, M_2, M_B and M_{BB}′ . Gauge kinetic mixing also give the mixing between MSSM neutralino sector and the extra neutralinos B̃^′, η̃ and ~η̄ coming from U(1)_X . If we choose the parameters such that μ^′ ≪ (M_1, M_2, M_B′ , μ), then we will get the lightest supersymmetric particle (LSP) as a mixture of η̃ and ~η̄. Hence the chosen parameters and the mass of the neutrinos are given in Table III.

M_1 M_2 M_B′ M_{BB}′ m_{χ̃1} m_{χ̃2} m_{χ̃3} m_{χ̃4} m_{χ̃5} m_{χ̃6} m_{χ̃7} 4000 4000 4420 1000 1072.34 1971.7 2995.98 3000.63 3865.87 4003.55 5454.6 TABLE III. Soft breaking parameters and neutralino masses in GeV

IV.3.1. Lightest supersymmetric particle (LSP):

In this model, lightest supersymmetric particle, which we identify as the dark matter, has the mass of 1072.6 GeV and in terms of gauge eigenstates it is,

χ̃_1 = −0.05 B̃ − 5.94 × 10^{−6} W̃ − 6.99 × 10^{−4} H̃_d − 2.35 × 10^{−4} H̃_u + 0.294 B̃^′ + 0.527 η̃ + 0.795 ~η̄ (29)

This dark matter consisting of standard model singlets η̃ and ~η̄ has small annihilation channels into standard model particles. So in general their relic density is large similar to that is seen in other gauge extension [14, 15]. Therefore we consider a resonance channel through Z^′ by taking 2m_{χ̃1} = m_Z′ to get correct relic density. In our model the dominant channel for getting correct relic abundance is, χ̃_1χ̃_1 → Z^′ → τ^+τ^− , μ^+μ^−. The cross section of the resonance channel is velocity dependent and hence it can simultaneously satisfy both the relic abundance at freeze-out and positron excess of DM signal [13, 16, 17]. Thermal average of cross-section is calculated at freeze-out, x = m/T ≈ 20 and hence velocity, v ≈ √ 3/x, whereas the dark matter annihilation occurs at x ≈ 3 × 10^6 or v ≈ 10^{−3}. To explain the positron excess of AMS-02 results, we require the cross section much larger than what we need for relic density and this require boost factor of O(100 − 1000) for cross-section.

IV.3.2. Breit-Wigner resonance and boost factor:

The annihilation cross-section for the dominant channel will be, σv = ḡ^2_1 4π m^2_{χ̃1} (s − m^2_Z′ )^2 + Γ^2_Z′ m^2_Z′

(30)

where the coupling ḡ_1 ≃ 0.07 depends on the coupling constant of extra U(1) symmetry, the mixing between two U(1) gauge groups and fraction of fermionic partner of η and η̄ in the LSP, χ̃_1. The decay width of the Z^′ boson signifies by Γ_Z′ , which has dominant contribution from the decay mode, Z^′ → τ^+τ^− , μ^+μ^− and it is given by,

Γ_Z′ = ḡ^2 4π m_Z′ (31)

Here the coupling, ḡ_2 ≃ 0.1 depends on the coupling constant of extra U(1) symmetry and the mixing between two U(1) gauge groups. Using the non-relativistic limit of s, s = 4m^2_{χ̃1} (1 + v^2/4), Eq. (30) can be simplified into, σv = ḡ^2_1 64πm_{χ̃1}2 1 (δ + v^2/4)^2 + γ^2

(32)

where m^2_Z′ = 4m^2_{χ̃1} (1 − δ) and γ^2 = Γ^2_Z′ (1 − δ) /m^2_{χ̃1} .

Now the thermal average of annihilation rate will be as follows [13, 16, 17], ⟨σv⟩ = 1 n^2_{EQ} m_{χ̃1} 64π^4x ∫_∞ 4m_{χ̃1} σ̂(s) √ sK_1 ( x √ s m_{χ̃1} ) ds (33)

where, n_{EQ} = g_i 2π^2 m^3_{χ̃1} x K_2(x) (34) σ̂(s) = 2g^2_i m_{χ̃1} √ s − 4m^2_{χ̃1} σv (35)

where x ≡ m_{χ̃1} /T , K_1(x) and K_2(x) denote the second type of modified Bessel functions and g_i is the internal degrees of freedom of dark matter. Inserting Eq. (34) and Eq. (35), in the thermally average cross-section Eq. (33), it can be simplified as, ⟨σv⟩ = ḡ^4_1 256π^{3/2} x^{3/2} m^2_{χ̃1} ∫_∞ 0 √ z Exp[−xz/4] (δ + v^2/4)^2 + γ^2 dz (36)

where z is defined as, v^2 = z. At freeze-out, x = 20, we get the correct relic density Ω_{DM} h^2 = 0.1, consistent with Planck results [4] and the 9-year WMAP data [5]. The boost factor is defined as the ratio, ⟨σv⟩/⟨σv⟩_{x=20} is plotted in Fig-1. This figure shows

FIG. 1. Breit-Wigner enhanced relative cross-section ⟨σv⟩/⟨σv⟩_{x=20} as a functions of x = m_{χ̃1} /T

the variation of the thermally average cross-section with x for different set of values of δ and γ. We see that δ = 10^{−3} and γ = 10^{−3} can give the required boost factor of 100 to explain the AMS-02 flux of positrons [3]. The chosen values of the parameters of our model in electroweak scale ensure these values of δ and γ and hence the boost factor.

IV.3.3. Direct detection constraints:

The relevant part of the Lagrangian for spin-independent interaction,

L = a_q ¯χ̃_1χ̃_1q̄q (37)

where coupling between neutralino and quark is denoted by a_q. The cross-section of dark matter scattering off target nucleus is as follows, σ = 4m^2_r π (Z f_p + (A − Z) f_n)^2 (38)

where the reduced mass of nucleon is m_r. The coupling between neutralino and proton or neutron, f_{p,n} is [18, 19], f_{p,n} = ∑ q=u,d,s f^{(p,n)}_{T q} a_q m_{p,n} m_q + 2 27 f^{(p,n)}_{T G} ∑ q=c,b,t a_q m_{p,n} m_q (39)

where f^{(p,n)}_{T G} = 1− ∑ q=u,d,s f (p,n) T q and the values of f^{(p,n)}_{T q} are given in [20]. The coupling a_q can be approximated as, a_q/m_q = (g_{χ̃1χ̃1hi} g_{hiqq}) / (s − m^2_h). In our model, the neutralino-Higgs coupling g_{χ̃iχ̃j hk} has the form of, g_{χ̃iχ̃j hk} ≃ √ 2 ( g_1Z^N_{i,1} − g_2Z^N_{i,2} + g_mZ^N_{i,5} ) ( Z^N_{j,3}Z^H_{k,3} − Z^N_{j,4}Z^H_{k,2} ) + √ 2g_x ( Z^N_{i,6}Z^N_{j,5}Z^H_{k,3} − Z^N_{i,7}Z^N_{j,5}Z^H_{k,4} ) (40)

where Z^N_{i,j} and Z^H_{i,j} denote the element of diagonalization matrix from gauge eigen state to mass eigen state for neutralino and CP-even Higgs. Here g_{hiqq} is the product of the Higgs-quark coupling of MSSM and Z^H_{i,j}. If the lightest CP-even Higgs is the propagator, then neutralino-Higgs coupling is highly suppressed and hence g_{χ̃1χ̃1h1} g_{h1qq} ∼ 10^{−6} GeV^{−1} and cross-section becomes 10^{−47} cm^2. If the propagator is the heavy CP-even Higgs, the cross-section is even smaller. Because the Higgs-quark coupling is suppressed as the Heavy Higgs has dominant fraction from η and η̄ only and less from H_u and H_d. In this case, g_{χ̃1χ̃1h4} g_{h4qq} will be ∼ 10^{−7} GeV^{−1}. Hence cross-section remain well below the exclusion limit of XENON100 [21].

V. CONCLUSIONS

We provide a SUSY model of leptophilic dark matter to explain the excess of positrons seen at AMS-02 and PAMELA. In addition there is no antiproton excess over the CR background. We consider L_μ − L_τ extension of MSSM where the dark matter is a combination of U(1)_X gaugino and the corresponding Higgsinos. By choosing the dark matter mass 2m_{χ̃1} ≃ m_Z′ , we get a resonance enhancement of the annihilation cross-section χ̃_1χ̃_1 → τ^+τ^− , μ^+μ^− in the present era correspond to the freeze-out cross-section. This model provides the most economical extension of SUSY model to explain the positrons excess seen in AMS-02 and PAMELA, consistent with other constraints from direct and indirect dark matter observations.

[1] The AMS-02 collaboration (2013), talk given by S. Ting at Cern on Apr 03, 2013; main results available from http://www.ams02.org/.

[2] O. Adriani et al. [PAMELA Collaboration], Nature 458 (2009) 607 [arXiv:0810.4995 [astroph]]; O. Adriani, G. C. Barbarino, G. A. Bazilevskaya, R. Bellotti, M. Boezio, E. A. Bogomolov, L. Bonechi and M. Bongi et al., Astropart. Phys. 34 (2010) 1 [arXiv:1001.3522 [astro-ph.HE]].

[3] A. De Simone, A. Riotto and W. Xue, JCAP 1305 (2013) 003 [JCAP 1305 (2013) 003] [arXiv:1304.1336 [hep-ph]].

[4] P. A. R. Ade et al. [Planck Collaboration], arXiv:1303.5076 [astro-ph.CO]. [5] G. Hinshaw et al. [WMAP Collaboration], arXiv:1212.5226 [astro-ph.CO]. [6] J. Hisano, S. Matsumoto, M. Nagai, O. Saito and M. Senami, Phys. Lett. B 646 (2007) 34 [hep-ph/0610249].

[7] O. Adriani et al. [PAMELA Collaboration], Phys. Rev. Lett. 105 (2010) 121101 [arXiv:1007.0821 [astro-ph.HE]].

[8] R.Foot, Mod. Phys. Lett. A 6, 527 (1991);

[9] R. Foot, X. G. He, H. Lew, R. R. Volkas and , Phys. Rev. D 50, 4571 (1994) [hep-ph/9401250]. [10] B. Adhikary, Phys. Rev. D 74, 033002 (2006) [hep-ph/0604009].

[11] G. Aad et al. [ATLAS Collaboration], JHEP 1211 (2012) 138 [arXiv:1209.2535 [hep-ex]]; [12] D. Suematsu, Phys. Rev. D 59, 055017 (1999) [hep-ph/9808409].

[13] M. Ibe, H. Murayama and T. T. Yanagida, Phys. Rev. D 79 (2009) 095009 [arXiv:0812.0072 [hep-ph]].

[14] B. O’Leary, W. Porod and F. Staub, JHEP 1205, 042 (2012) [arXiv:1112.4600 [hep-ph]]. [15] L. Basso, B. O’Leary, W. Porod and F. Staub, JHEP 1209, 054 (2012) [arXiv:1207.0507 [hep-ph]].

[16] W. -L. Guo and Y. -L. Wu, Phys. Rev. D 79 (2009) 055012 [arXiv:0901.1450 [hep-ph]]. [17] X. -J. Bi, X. -G. He and Q. Yuan, Phys. Lett. B 678 (2009) 168 [arXiv:0903.0122 [hep-ph]]. [18] G. Jungman, M. Kamionkowski and K. Griest, Phys. Rept. 267 (1996) 195 [hep-ph/9506380]. [19] G. Bertone, D. Hooper and J. Silk, Phys. Rept. 405 (2005) 279 [hep-ph/0404175]. [20] J. R. Ellis, A. Ferstl and K. A. Olive, Phys. Lett. B 481 (2000) 304 [hep-ph/0001005]. [21] E. Aprile et al. [XENON100 Collaboration], Phys. Rev. Lett. 109 (2012) 181301 [arXiv:1207.5988 [astro-ph.CO]].