arXiv:hep-ph/0011207 16 Nov 2000

On importance of dark matter for LHC physics^1

V.A. Bednyakov

Laboratory of Nuclear Problems, Joint Institute for Nuclear Research, Moscow region, 141980 Dubna, Russia; E-mail: bedny@nusun.jinr.ru

Abstract

I would like to attract attention of the LHC high-energy physics community to non-accelerator, low-energy experiments, that are also very sensitive to new physics. My example concerns search for supersymmetric dark matter particles. It is shown that non-observation of the SUSY dark matter candidates with a high-accuracy detector can exclude large domains of the MSSM parameter space and, in particular, can make especially desirable collider search for light SUSY charged Higgs boson.

A direct dark matter search for neutralinos, lightest SUSY particles (LSP), is complementary to high energy searches for SUSY with colliders [1]–[4]. For example, colliders unable to prove that the LSP is a stable particle. Such dark matter searches offer interesting prospects for beating accelerators in discovery of SUSY, particularly during the coming years before the LHC enters into operation [5].

By definition, Galactic Dark Matter (DM) does not emit detectable amounts of electromagnetic radiation and (only) gravitationally affects other, visible, celestial bodies. The best evidence of this kind comes from the study of galactic rotation curves, when one measures the velocity with which globular stellar clusters, gas clouds, or dwarf galaxies orbit around their centers. If the mass of these galaxies were concentrated in their visible parts, the orbital velocity at large radii r should decrease as 1/ √ r (fig. 1). Instead, it remains approximately constant to the largest

Figure 1: Rotation curve of the solar system which falls off as v = √ G_NM/r in accordance with Kepler’s law. AU is the Earth-Sun distance of 1.5 � 10^{13} cm

Figure 2: Rotation curve of the spiral galaxy NGC 6503 as established from radio observations of hydrogen gas in the disk

1Talk given at the International symposium “LHC physics and detectors”, Dubna, 28–30 June, 2000.

radius where it can be measured. This implies that the total mass M(r) felt by an object at a radius r must increase linearly with r (fig. 2). Studies of this type imply that 90% or more of the mass of large galaxies is dark [6].

The mass density averaged over the entire Universe is usually expressed in units of critical density ρ_c ≈ 10^{−29}g/cm^3, the dimensionless ratio Ω ≡ ρ/ρ_c = 1 corresponds to a flat Universe. Analyses of galactic rotation curves imply Ω ≥ 0.1. Studies of clusters and superclusters of galaxies through gravitational lensing or through measurements of their X-ray temperature, as well as studies of the large-scale streaming of galaxies favor larger values of the total mass density of the Universe Ω ≥ 0.3. Finally, naturalness arguments and inflationary models prefer Ω = 1.0 to a high accuracy. The requirement that the Universe be at least 10 billion years old implies Ωh^2 ≤ 1, where h = 0.65 ± 0.15 is the present Hubble parameter in units of 100 km/(sec·Mpc). The total density of luminous matter only amounts to less than 1% of the critical density. Analyses of Big Bang nucleosynthesis determine the total baryonic density to lie in the range 0.01 ≤ Ω_{baryon}h^2 ≤ 0.015. The upper bound implies Ω_{baryon} ≤ 0.06, in obvious conflict with the lower bound Ω ≥ 0.3. Most Dark Matter must therefore be non–baryonic (fig. 3).

Figure 3: Most Dark Matter must be non–baryonic:

Ω = Ω_{baryon} + Ω_{non-baryon} ≥ 0.3, with Ω_{baryon} ≤ 0.06

Some sort of “new physics” seems to be required to describe this exotic matter, beyond the particles described by the Standard Model of particle physics [6]. According to the best estimate, the local density of this invisible matter amounts to about ρ^{DM}_{local} ≃ 0.3 GeV/cm^3 ≃ 5 · 10^{−25}g/cm^3.

It is assumed to have a Maxwellian velocity distribution with mean v̄ ≃ 300 km/sec. The local flux of DM particles χ is thus

Φ^{DM}_{local} ≃

100 GeV m_χ · 10^5 cm^{−2}s^{−1}.

This not-small-enough value is considered as a basis for direct search for dark matter particles.

A dark matter event is elastic scattering of a relic DM neutralino from a target nucleus producing a nuclear recoil which can be detected by a suitable detector [3, 7, 8]. The differential event rate (per unit mass of the target nucleus) in respect to the recoil energy is the subject of experimental measurements: dR dE_r = [ N ρ_χ m_χ ] ∫ v_{esc}

v_{min} dvf(v)v dσ dq^2 (v,E_r), where q^2 = 2M_AE_r, v_{esc} ≈ 600 km/s, ρ_χ ≈ 0.3 GeV/cm^3, v_{min} = (M_AE_r/2M^2_{red})^{1/2}, M_A is the mass of the target nucleus, and M_{red} is the reduced mass. A typical nuclear recoil energy is E_r ≈ 10^{−6}m_χ. The rate depends on the distribution of the DM neutralinos in the solar vicinity f(v) and the cross section of neutralino-nucleus elastic scattering:

v^2 dσ dq^2 (v, q^2) ∝ c^2_0(C_q, f_q)

SUSY

A^2 F^2_S (q^2)

scalar

+ a^2_0(A_q, Δq)

SUSY

F^2_{00}(q^2)

spin

+a_0a_1 F^2_{10}(q^2)

spin

+ a^2_1(A_q, Δq)

SUSY

F^2_{11}(q^2)

spin .

Here a_{0,1} = ∑p q A_qΔq ± ∑n q A_qΔq, and c_0 = ∑p,n q C_qf_q. The first term in brackets, which has A^2 enhancement, corresponds to the so-called spin-independent or scalar interaction, the other terms give parametrization of the so-called spin-dependent interaction. The nuclear structure presented by the scalar F^2_S (q^2) and spin F^2_{ij}(q^2) form factors is factorized out of the nucleon structure (given via quark contributions to the spin Δq and to the mass f_q of the nucleon) and the SUSY contribution (C_q and A_q), which enters into the calculations at the level of neutralino-quark effective low-energy interaction via the Lagrangian:

L_{eff} = A_q · χ̄γ_μγ_5χ · q̄γ^μγ_5q + m_q M_W · C_q · χ̄χ · q̄q + ... where the terms with vector and pseudoscalar quark currents are omitted being negligible in the case of non-relativistic DM neutralinos with typical velocities v_χ ≈ 10^{−3}c;

A_q = − g^2 4M^2_W [ N^2_{14} − N^2_{13} 2 T_3 −

M^2_W (cos^2 θ_qϕ^2_{qL} + sin^2 θ_qϕ^2_{qR}) m^2_{q̃1} − (m_χ + m_q)^2 − M^2_W (sin^2 θ_qϕ^2_{qL} + cos^2 θ_qϕ^2_{qR}) m^2_{q̃2} − (m_χ + m_q)^2 − m^2_q 4 P^2_q ( 1 m^2_{q̃1} − (m_χ + m_q)^2 + 1 m^2_{q̃2} − (m_χ + m_q)^2 )

− m_q 2 M_W P_q sin 2θ_q T_3(N_{12} − tan θ_W N_{11}) × ( 1 m^2_{q̃1} − (m_χ + m_q)^2 − 1 m^2_{q̃2} − (m_χ + m_q)^2 )] ; C_q = − g^2 4 [ F_h m^2_h h_q + F_H m^2_H

H_q + ( m_q 4M_W P^2_q − M_W m_q ϕ_{qL} ϕ_{qR} )

× ( sin 2θ_q m^2_{q̃1} − (m_χ + m_q)^2 − sin 2θ_q m^2_{q̃2} − (m_χ + m_q)^2 )

+ P_q ( cos^2 θ_q ϕ_{qL} − sin^2 θ_q ϕ_{qR}

m^2_{q̃1} − (m_χ + m_q)^2 − cos^2 θ_q ϕ_{qR} − sin^2 θ_q ϕ_{qL} m^2_{q̃2} − (m_χ + m_q)^2 )] .

F_h = (N_{12} − N_{11} tan θ_W )(N_{14} cos α_H + N_{13} sin α_H), F_H = (N_{12} − N_{11} tan θ_W )(N_{14} sin α_H − N_{13} cos α_H ),

h_q = ( 1 2 + T_3) cos α_H sin β − ( 1 2 − T_3) sin α_H cos β , H_q = ( 1 2 + T_3) sin α_H sin β + ( 1 2 − T_3) cos α_H cos β , ϕ_{qL} = N_{12}T_3 + N_{11}(Q − T_3) tan θ_W , ϕ_{qR} = tan θ_W Q N_{11},

P_q = ( 1 2 + T_3)

N_{14} sin β + ( 1 2 − T_3)

N_{13} cos β . In this paper the MSSM parameter space is explored at the weak scale, when any constraints following from the unification assumptions are completely relaxed. On the other side, restrictions from the age of the Universe, accelerator SUSY searches, rare FCNC b → sγ decay, etc are respected [9]–[12]. Therefore, the MSSM parameter space is determined by entries of the mass matrices of neutralinos, charginos, Higgs bosons, sleptons and squarks. All relevant mass matrices are given below. The onegeneration squark and slepton mass matrices have the form [13]:

M^2_{t̃} = [ M^2~_Q + m^2_t + m^2_Z(^1_2 −^2_3 s^2_W ) cos 2β m_t(A_t − μ cot β) m_t(A_t − μ cot β) M^2~_U + m^2_t + m^2_Z^2_3 s^2_W cos 2β ] , M^2_{b̃} = [ M^2~_Q + m^2_b − m^2_Z(^1_2 −^1_3 s^2_W ) cos 2β m_b(A_b − μ tan β) m_b(A_b − μ tan β) M^2~_D + m^2_b − m^2_Z^1_3 s^2_W cos 2β ] , M^2_{ν̃} = M^2~_L + 1 2 m^2_Z cos 2β,

M^2_{τ̃} = [ M^2~_L + m^2_τ − m^2_Z(^1_2 − s^2_W ) cos 2β m_τ (A_τ − μ tan β) m_τ (A_τ − μ tan β) M^2~_E + m^2_τ − m^2_Zs^2_W cos 2β ]

where s^2_W ≡ sin^2 θ_W and tan β ≡ ⟨H^0_2 ⟩/⟨H^0_1 ⟩. In the ~W^+–~H^+ basis, the chargino mass matrix is X = ( M_2 √ 2m_W sin β √ 2m_W cos β μ ) . Two unitary 2 × 2 matrices U and V are required to diagonalize the chargino masssquared matrix M^2~_{χ+} = V X^†XV^{−1} = U^∗XX^†(U^∗)^{−1}. The two mass eigenstates are denoted by ~χ^+_1 and ~χ^+_2 . In the ~B– ~W^3–~H^0_1 –~H^0_2 basis, the neutralino Majorana mass matrix is

Y = M_1 0 −m_Zc_βs_W m_Zs_βs_W 0 M_2 m_Zc_βc_W −m_Zs_βc_W −m_Zc_βs_W m_Zc_βc_W 0 −μ m_Zs_βs_W −m_Zs_βc_W −μ 0 , where s_β = sin β, c_β = cos β, etc. A 4 × 4 unitary matrix N is required to diagonalize the neutralino mass matrix M~_χ0 = N^∗Y N^{−1} where the diagonal elements of M~_χ0 can be either positive or negative. The CP-even Higgs mass matrix has the form [14] ( H_{11} H_{12} H_{12} H_{22} ) = 1 2 ( tan β −1 −1 cot β ) M^2_A sin 2β + 1 2 ( cot β −1 −1 tan β ) m^2_Z sin 2β +

3g^2 16π^2m^2_W ( Δ_{11} Δ_{12} Δ_{12} Δ_{22} ) ;

Δ_{11} = m^4_b c^2_β (ln m^2_{b̃1} m^2_{b̃2}

m^4_b + 2A_b(A_b − μ tan β) m^2_{b̃1} − m^2_{b̃2} ln m^2_{b̃1} m^2_{b̃2} ) + m^4_b c^2_β ( A_b(A_b − μ tan β) m^2_{b̃1} − m^2_{b̃2}

)^2g(m^2_{b̃1} , m^2_{b̃2} ) + m^4_t s^2_β ( μ(A_t −^μ_{tan β} ) m^2_{t̃1} − m^2_{t̃2}

)^2g(m^2_{t̃1} , m^2_{t̃2} ).

Δ_{22} = m^4_t s^2_β (ln m^2_{t̃1}m^2_{t̃2}

m^4_t + 2A_t(A_t −^μ_{tan β} ) m^2_{t̃1} − m^2_{t̃2} ln m^2_{t̃1} m^2_{t̃2} ) + m^4_t s^2_β ( A_t(A_t −^μ_{tan β} ) m^2_{t̃1} − m^2_{t̃2}

)^2g(m^2_{t̃1} , m^2_{t̃2} ) + m^4_b c^2_β ( μ(A_b − μ tan β) m^2_{b̃1} − m^2_{b̃2}

)^2g(m^2_{b̃1} , m^2_{b̃2} ).

Δ_{12} = Δ_{21} = m^4_t s^2_β μ(A_t −^μ_{tan β} ) m^2_{t̃1} − m^2_{t̃2} (ln m^2_{t̃1} m^2_{t̃2} + A_t(A_t −^μ_{tan β} ) m^2_{t̃1} − m^2_{t̃2} g(m^2_{t̃1} , m^2_{t̃2})) + m^4_b c^2_β μ(A_b − μ tan β) m^2_{b̃1} − m^2_{b̃2} (ln m^2_{b̃1} m^2_{b̃2} + A_b(A_b − μ tan β) m^2_{b̃1} − m^2_{b̃2} g(m^2_{b̃1} , m^2_{b̃2} )).

Here c^2_β = cos^2β, s^2_β = sin^2β and g(m^2_1, m^2) = 2 − m^2_1 + m^2 m^2_1 − m^2 ln m^2_1 m^2

. Neutral CP-even Higgs eigenvalues are

m^2_{H,h} = 1 2 { H_{11} + H_{22} ± √ (H_{11} + H_{22})^2 − 4(H_{11}H_{22} − H^2_{12}) } , The mixing angle α_H is obtained from

sin 2α_H =

2H^2_{12} m^2_H0_1 − m^2_H0_2

, cos 2α_H =

H^2_{11} − H^2_{22} m^2_H0_1 − m^2_H0_2 .

The mass of the charged Higgs boson is given by m^2_{CH} = m^2_W + M^2_A +^{3g2}_{16π2m2W} Δ_{ch} [14].

Therefore free parameters are tan β, the ratio of neutral Higgs boson vacuum expectation values; μ, the bilinear Higgs parameter of the superpotential; M_1 and M_2, soft gaugino masses; M_A, the CP-odd Higgs mass; m^2~_Q, m^2~_U and m^2~_D, squark mass parameters squared for the 1st and 2nd generation; m^2~_L and m^2~_E, slepton mass parameters squared for the 1st and 2nd generation; m^2~_{Q3} , m^2~_T and m^2~_B, 3rd generation squark mass parameters squared; m^2~_{L3} and m^2~_τ , 3rd generation slepton mass parameters squared; A_t, A_b and A_τ , soft trilinear couplings for the 3rd generation. With these parameters one completely determines the MSSM spectrum and the coupling constants. Following [15]–[17] we assume that squarks are degenerate. Bounds on flavor-changing neutral currents imply that squarks with equal gauge quantum numbers must be close in mass. Therefore, for the sfermion mass parameters we used the relations m^2~_U = m^2~_D = m^2~_Q, m^2~_E = m^2_L, m^2~_T = m^2~_B = m^2_{Q3} , m^2~_{E3} = m^2_{L3} . The parameters A_b and A_τ are fixed to be zero.

The present lifetime of the Universe implies an upper limit on the expansion rate and correspondingly on the total relic abundance. Assuming that the neutralinos form a dominant part of the dark matter in the Universe [1, 8, 10] one obtains a lower limit on the neutralino relic density. In this analysis the cosmological constraint 0.025 < Ω_χh^2_0 < 1 was implemented^2. The neutralino mass density parameter Ω_χh^2_0 was calculated by the standard procedure on the basis of the approximate formula [20]. All channels of the χ − χ annihilation are included. Since neutralinos are mixtures of gauginos and higgsinos, annihilation can occur both via s-channel exchange of the Z^0 and Higgs bosons and t-channel exchange of a scalar particle [12, 20, 21]. Another stringent constraint is imposed by the branching ratio of the b → sγ decay, measured by the CLEO collaboration to be 1.0 × 10^{−4} < B(b → sγ) < 4.2 × 10^{−4}. In the MSSM this flavor-changing neutral-current process receives contributions from H^±–t, χ̃^±–t̃ and g̃–q̃ loops in addition to the standard model W –t loop. These also strongly restrict the parameter space [22].

The masses of the supersymmetric particles are constrained by the results from the high energy colliders. This imposes constraints on the parameter space of the MSSM. The following experimental restrictions are used [23]: M_{χ̃}+_2 ≥ 65 GeV for the light chargino, M_{χ̃}+_1 ≥ 99 GeV for the heavy chargino, M_{χ̃}0_{1,2,3} ≥ 45, 76, 127 GeV for non-LSP neutralinos, M_{ν̃} ≥ 43 GeV for sneutrinos, M_{ẽR} ≥ 70 GeV for selectrons, M_{q̃} ≥ 210 GeV for squarks, M~_{t1} ≥ 85 GeV for light top-squark, M_H0 ≥ 79 GeV for neutral Higgs bosons, M_{CH} ≥ 70 GeV for charged Higgs boson.

In the numerical analysis a trial set of MSSM parameters is picked up randomly from the following intervals:

−1 TeV < M_1 < 1 TeV, −2 TeV < M_2, μ, A_t < 2 TeV, 1 < tan β < 50, 60 GeV < M_A < 1000 GeV, 10 GeV^2 < m^2_Q, m^2_L, m^2_{Q3} , m^2_{L3} < 10^6 GeV^2.

For each trial set the MSSM particle masses and other observables are evaluated and compared with the restrictions and constraints discussed above. If all constraints are successfully passed, the so-called total event rate R integrated over recoil energies is calculated [7].

The results of the scanning procedure are presented in fig. 4 as scatter plots. The main feature is a lower bound for the total event rate R. An absolute minimum value of about 10^{−6} events/day/kg in a^{73}Ge detector is obtained in the above-mentioned domain of the MSSM parameter space. There is a clear increase (up to one order of magnitude) in the lower bound only with tan β. In all other cases there is a decrease in the lower bound; the decrease is the sharpest with |μ|, M_A (about 5 orders of magnitude) and M^2_Q and with the squark mass M~_q, heavy chargino mass M_{χ̃}+_1 and charged Higgs boson mass M_{CH}.

2Recently exciting evidence for a flat and accelerating universe has been obtained [18, 19], which results in a more stringent cosmological constraint 0.1 < ΩØh^2_0 < 0.3. This new constraint does not affect the main result of the paper.

Figure 4: Total event rate in^{73}Ge versus the mass of LSP. The lower bound decreases with increasing the mass of the LSP and reaches the absolute minimum of about 10^{−6} events/day/kg

Figure 5: WIMP-nucleon cross section limits for scalar interactions as a function of the WIMP mass. Points are calculated without extra constraints. The filled area is obtained in [5]. Some experimental results and expectations are also given [24, 25, 26]

For comparison of the results obtained with sensitivities of different dark matter experiments the total cross section for relic neutralino scalar elastic scattering on the nucleon was also calculated and presented in fig. 5.

The variation of the lower bound for the event rate with the MSSM parameters and SUSY particle masses allows one to consider prospects for dark matter search under specific assumptions concerning these parameters and masses. To this end a number of extra scans with extra limitations on the single squark mass (M_{sq} < 250, 230 GeV), light neutral CP-even Higgs boson mass (M_{Hl} < 80, 100, 120 GeV), charged Higgs boson mass (M_{CH} < 150, 200 GeV) and heavy chargino mass (M_{ch−os} < 250 GeV) were performed. The case with light masses of all superpartners (less than 300–400 GeV) was also considered. All corresponding curves together with the absolute lower bound from the unconstrained scan are depicted in Fig. 6. A restriction that the

Figure 6: Different lower bounds for the total event rate in^{73}Ge (events/day/kg) versus the LSP mass (GeV). Here M_{sq, CH, Hl} denote masses of the squark, the charged Higgs boson and the light neutral CP-even Higgs boson respectively. The heavy chargino mass is denoted as M_{ch−os}. ”Full” corresponds to the lower bound obtained from the main (unconstrained) scan, and ”Light spectrum” denotes the lower bound for R obtained with all sfermion masses lighter than about 300 GeV. The horizontal dotted line represents the expected sensitivity for direct dark matter detection with GENIUS [24, 25]

single (light) squark mass is small (M_{sq} < 230 GeV) as well as another assumption that all sferminos masses do not exceed 300–400 GeV put upper limits on the mass of the LSP and do not permit R to drop very deeply as the mass of the LSP increases. In both cases the lower bound for the rate is established for all allowed masses of the LSP at a level of 10^{−3} events/kg/day. This value for the event rate is considered as an optimistic sensitivity expectation for future high-accuracy detectors of dark matter like GENIUS (Fig. 7). The same lower bound is obtained under the assumption that both charginos are light (M_{ch−os} < 250 GeV).

Figure 7: Schematic view of the GENIUS experiment: there are 300 enriched^{76}Ge detectors (1 ton) in a liquid nitrogen shielding [24]

It is seen that the mass of the light neutral CP-even Higgs boson M_{Hl} has unfortunately a very poor restrictive potential (see, for example, the curve with M_{Hl} < 120 GeV, the curve with M_{Hl} < 80 GeV is already excluded). The situation looks most promising with the mass of the charged Higgs boson. When the charged Higgs boson mass is (relatively) small the other masses of CP-even and CP-odd Higgs bosons are also restricted from above. Therefore, couplings of the scalar neutralinoquark interaction, which contain m^{−2}_{H,h}-terms, are not suppressed enough and the rate cannot decrease significantly. The lower bound of the rate increases when the mass M_{CH} decreases and for M_{CH} < 200 GeV (150 GeV) reaches the values of about 10^{−2} (10^{−1}) events/kg/day practically for all allowed masses of the LSP. As can be seen from Fig. 8, these values can be reached not only with GENIUS, but also with some other near-future direct dark matter detectors [26]. Filled circles in Fig. 8 give the scalar cross sections calculated under the assumption that the SUSY spectrum is light. Filled triangles give the cross section obtained with the charged Higgs boson mass restriction M_{CH} < 200 GeV. If it happens, for instance, that either the SUSY spectrum is light indeed or the charged Higgs boson mass really does not exceed 200 GeV, in both cases at least the GENIUS experiment should detect a dark matter signal. If one considers a more complicated condition and assumes that the SUSY spectrum is light and simultaneously that tan β is quite large, then not only GENIUS, but also CDMS and HDMS [25, 26] will have very good prospects for detecting a dark matter signal. This situation is illustrated in Fig. 9, where, besides cross section limits for the WIMP-nucleon scalar interactions for different experiments, calculations for the case of a light SUSY spectrum with extra assumptions of tan β > 20 (filled circles) and tan β > 40 (filled triangles) are given.

Therefore, the correlations between the lower limit for the event rate R and some masses of SUSY particles allow good prospects for direct dark matter detection with next-generation detectors. The prospects could be brighter if collider searches would be able to restrict the mass of the charged Higgs boson at a level of about 200

Figure 8: WIMP-nucleon cross section limits for scalar interactions as a function of the WIMP mass. Filled circles present calculations with the light SUSY spectrum. Filled triangles give the cross section on the assumption that M_{CH} < 200 GeV

Figure 9: WIMP-nucleon cross section limits for scalar interactions as a function of the WIMP mass. Filled circles present our calculations with the light SUSY spectrum and tan β > 20. Filled triangles give the same, but for tan β > 40

GeV (light Higgs sector). The observation, due to its importance for dark matter detection, could serve as a stimulus for extra efforts to search for charged Higgs boson with colliders. Considered together, both these experiments, collider search for charged Higgs boson and dark matter search for SUSY LSP, become very decisive for a verification of SUSY models.

On the contrary, non-observation of any dark matter signal with very sensitive dark matter detectors, in accordance with Fig. 6–9, would exclude, for example, a SUSY spectrum with masses lighter than 300–400 GeV as well as a light SUSY spectrum with large tan β (Fig. 9), charginos with masses smaller than 250 GeV (Fig. 6), charged Higgs boson with M_{CH} < 200 GeV, and therefore the entire light Higgs sector in the MSSM (Fig. 8).

The latter case is in particular interesting, because if the light charged Higgs boson is excluded by GENIUS, then either it will be rather unpromising to search for it with colliders, or any positive result of a collider search brings strong contradictions in the MSSM approach to dark matter detections and/or collider SUSY searches.

These results may be considered as a good example of the complementarity of modern accelerator and non-accelerator experiments looking for SUSY and other new physical phenomena.

I would like to thank the organizers of the International symposium “LHC physics and detectors” for the invitation to give this talk. I am grateful to Prof. H.V. Klapdor-Kleingrothaus for fruitful collaboration on the subject. The investigation was supported in part by RFBR Grant 00–02–17587.

References

[1] M. Drees and M. M. Nojiri, Phys. Rev. D48 (1993) 3483; M. Drees, M. M. Nojiri, D.

P. Roy, Y. Yamada, Phys.Rev. D56 276(1997).

[2] H. V. Klapdor-Kleingrothaus and K.Zuber, ”Particle Astrophysics”, IOP, Bristol, 1997.

[3] G. Jungman, M. Kamionkowski, and K. Griest, Phys. Rep., 267, 196 (1996) and references thierin.

[4] H. Baer and M. Brhlik, Phys. Rev. D 57, 567 (1998); hep-ph/9706509.

[5] J. Ellis, A. Ferstl, K. A. Olive, Phys.Lett. B481 (2000) 304-314, hep-ph/0001005 — “Re-Evaluation of the Elastic Scattering of Supersymmetric Dark Matter”.

[6] M. Drees, hep-ph/9804231, “ Particle Dark Matter Physics: An Update”.

[7] V.A.Bednyakov, H.V.Klapdor-Kleingrothaus, Phys.Rev. D62 (2000) 043524, hepph/9908427 — “SUSY spectrum constraints on direct dark matter detection”.

[8] V. A. Bednyakov, H. V. Klapdor-Kleingrothaus, and S. G. Kovalenko, Phys. Rev. D 55, 503 (1997); V. A. Bednyakov, H. V. Klapdor-Kleingrothaus, S. G. Kovalenko, and Y. Ramachers, Z. Phys. A 357, 339 (1997).

[9] E. W. Kolb and M. S. Turner. The early Universe,. Addison-Wesley, (1990).

[10] R. Arnowitt and P. Nath, Phys. Lett. B 437, 344 (1998); hep-ph/9801246.

[11] R. Arnowitt, Phys. Atom. Nucl. 61, 1098 (1998); hep-ph/9710238. P. Nath and R.

Arnowitt, In Proc. Workshop on Physics beyond the Standard Model, Accelerator and Non-Accelerator Approaches, Castle Ringberg, Germany, 8-14 June 1997, editors: H. V. Klapdor-Kleingrothaus, H. Paes, IOP, Bristol, 1998, hep-ph/9710477.

[12] G. L. Kane, C. Kolda, L. Roszkowski, and J. D. Wells. Phys. Rev. D 49, 6173 (1994).

[13] H. E. Haber and G. L. Kane, Phys. Rep. 117, 75 (1985); J. F. Gunion and H. E. Haber, Nucl. Phys. B 272, 1 (1986).

[14] J. Ellis, G. Ridolfi, and F. Zwirner. Phys. Lett. B 257, 83 (1991); Phys. Lett. B262, 477 (1991); A. Brignole, J. Ellis, G. Ridolfi, and F. Zwirner. Phys. Lett. B 271, 123 (1991); M. Drees and M. M. Nojiri, Phys. Rev. D 45, 2482 (1992).

[15] M, Drees, et al., hep-ph/0007202 — “Scrutinizing LSP Dark Matter at the LHC”.

[16] R. Arnowitt, B. Dutta, Y. Santoso, hep-ph/0008336 — “Maximum And Minimum Dark Matter Detection Cross Sections”; hep-ph/0008320 — “Dark Matter and Detector Cross Sections”; hep-ph/0005154 — “Neutralino Proton Cross Sections For Dark Matter In SUGRA And D-BRANE Models”.

[17] Achille Corsetti, Pran Nath, hep-ph/0005234 — “SUSY Dark Matter”.

[18] P. de Bernardis et al, Nature 404 (2000) 995; astro-ph/0004404 — “A flat universe from high resolution maps of the cosmic microwave background radiation”

[19] A. Balbi, et al, astro-ph/0005124 — “Constraints on cosmological parameters from MAXIMA-1”

[20] M. Drees and M. M. Nojiri, Phys. Rev. D 47, 376 (1993); J. Ellis, et al. Nucl. Phys.

B 238, 453 (1984).

[21] K. Griest and D. Seckel, Phys. Rev. D 43, 3191 (1991); P. Nath and R. Arnowitt, Phys.

Rev. Lett. 70, 3696 (1993); G. Gelmini and P. Gondolo, Nucl. Phys. B 360, 145 (1991); G. Steigman, K. A. Olive, D. N. Schramm, M. S. Turner, Phys. Lett. B 176, 33 (1986); J. Ellis, K. Enquist, D. V. Nanopoulos, S. Sarkar, Phys. Lett. B 167, 457 (1986). L. Roszkowski, Phys. Rev. D 50, 4842 (1994); G. B. Gelmini, P. Gondolo, and E. Roulet, Nucl. Phys. B 351, 623 (1991). A. Bottino et al., Astropart. Phys., 2, 77 (1994).

[22] S. Bertolini, F. Borzumati, A.Masiero, and G. Ridolfi, Nucl. Phys. B353, 591 (1991) and references therein; N. Oshimo, Nucl. Phys. B404, 20 (1993). F. M. Borzumati, M. Drees, and M. M. Nojiri, Phys.Rev. D 51, 341 (1995). R. Barbieri and G. Giudice, Phys. Lett. B 309, 86 (1993); R. Garisto and J. N. Ng, Phys. Lett. B 315, 372 (1993).

[23] C. Caso et al. (Particle Data Group), Eur. Phys. Journal, C3, 1, (1998). A. Djouadi and S. Roier-Leer (Conveners of MSSM working group), hep-ph/9901246.

[24] H. V. Klapdor-Kleingrothaus, Proc. Int. Conf, ”Beyond the Desert”, Tegernsee, Germany, June 8–14, 1997; editors: H.V.Klapdor-Kleingrothaus, H. Paes, IOP, Bristol, 1998, hep-ex/9802007; Proc. Int. Workshop on Non Accelerator New Physics, Dubna, July 7-11, 1997, Phys. Atom. Nucl., 61, 967 (1998), and Int. Journal of Modern Physics A13, 3953 (1998).

[25] H. V. Klapdor-Kleingrothaus and Y. Ramachers. Eur. Phys. J. A3, 85 (1998).

[26] L. Baudis et al. Nucl. Inst. Meth., A385, 265 (1997); R. Schnee, Talk at “Inner Space/Outer Space II”, FNAL, May 1999; S. R. Golwala et al., Talk at LTD8, Dalfsen, Netherlands, August 15–20, 1999; M. Bravin et al., Astrop. Phys., 12, 107 (1999); H. V. Klapdor-Kleingrothaus et al., GENIUS: A Supersentive Germanium Detector System for Rare Events, Prpposal, MPI-H-V26-1999, August 1999, hep-ph/9910205; L. Baudis et al. Nucl. Inst. Meth., A426 , 425 (1999); H. V. Klapdor-Kleingrothaus, L. Baudis, G. Heussler, B. Majorovits, GENINO: A Supersentive Germanium Detector for WIMP Dark Matter, Proposal, MPI-H-V2-2000, February 2000.