arXiv:hep-ph/0011196 15 Nov 2000

International Journal of Modern Physics A,

f_{c World Scientific Publishing Company}

Neutralino Proton Cross Sections in SUGRA and D-BRANE Models

R. Arnowitt, B. Dutta and Y. Santoso Department of Physics, Texas A&M University College Station, TX 77843-4242, USA

We calculate the spin independent neutralino-proton cross section for universal SUGRA, non universal SUGRA and D-brane models with R-parity invariance. The regions of maximum cross section in these models has started to be probed by the current detectors. The minimum cross section generally is ¿¸ 1 � 10�(9�10)pb and hence will be accessible in the future detectors, barring special regions of parameter space where it can reduce

to ’ 10�^{12}pb. However, the squarks and gluinos will be heavy (¿¸1 TeV) in the latter

case, but still accessible at the LHC.

We consider here the models based on gravity mediated supergravity (SUGRA), where the LSP is generally the lightest neutralino (χ̃^0_1). Neutralinos can be detected directly in dark matter experiments by their elastic scattering with nuclear targets. For heavy nuclear targets, such scattering is dominated by the spin independent part and it is possible to extract then the spin independent neutralino -proton cross section, σ_{χ̃}0_1�_p. Current experiments (DAMA, CDMS, UKDMC) have sensitivity to χ̃^0_1 for σ_{χ̃}0_1�_p^>∼ 1 × 10�^6 pb (1)

and future detectors (GENIUS, Cryoarray) plan to achieve a sensitivity of σ_{χ̃}0_1�_p^>∼

(10�9_{− 10}�10_{) pb.}

We calculate the cross section in three models based on unification of the gauge coupling constants at M_G ∼= 2 × 10^{16} GeV: (1) Minimal super gravity GUT (mSUGRA) with universal soft breaking at M_G, (2) Nonuniversal soft breaking models, and (3) D-brane models (based on type IIB orientifolds^1). In these models, we examine the part of the parameter space being probed by current experiments and the smallest value of σ_{χ̃}0_1�_p the models are predicting.

The parameter space of these models is restricted by the following constraints^5. (1) The electroweak symmetry is radiatively broken. (2) The neutralino relic density is^5 0.02 ≤ Ω_{χ̃}0_1 h^2 ≤ 0.25. (3) We impose the recent collider bounds (LEP^2 and Tevatron^3). (4) We also impose the CLEO constraints^4 on BR(b → sγ). We follow the analysis of^6 to convert χ̃^0_1-quark cross section to χ̃^0_1 − p scattering. For this, we use σ_{πN} = 65 MeV^7, σ_0 = 30 MeV^8 and r= 24.4 ± 1.5^9.

In mSUGRA model, (σ_{χ̃}0_1�_p)_{max} arises for large tanβ and small m_{1/2}. In Fig.1 (σ_{χ̃}0_1�_p)_{max} is plotted vs. m_{χ̃}0_1 for tanβ=20, 30, 40 and 50. Current detectors are 1

sampling the parameter space for large tan β, small m_{χ̃}0_1 (and also small Ω_{χ̃}0_1 h^2)

tan β^>∼ 25; m_{χ̃}0_1^<∼ 90 GeV; Ω_{χ̃}0_1 h^{2 <}∼ 0.1. (2)

We have used m_0 ≤ 1 TeV, m_{1/2} ≤ 600 GeV (corresponding to m_{g̃} ≤ 1.5 TeV, m_{χ̃}0_1 ≤ 240 GeV), |A_0/m_0| ≤ 5, and 2≤ tanβ ≤ 50.

The minimum cross section occurs at small tanβ. For m_{χ̃}0_1^<∼ 150 GeV (m_{1/2} ≤ 350) where no coannihilation occurs, one finds

σ_{χ̃}0_1�_p^>∼ 4 × 10�^9pb; m_{χ̃}0_1^<∼ 140GeV (3)

which would be accessible to detectors that are currently being planned (e.g. GE- NIUS). For larger m_{χ̃}0_1 , i.e. m_{1/2}^>∼ 150 GeV the phenomena of coannihilation can occur in the relic density analysis since the light stau, τ̃_1, (and also ẽ_R, μ̃_R) can become degenerate with the χ̃^0_1. The relic density constraint can then be satisfied in narrow corridor of m_0 of width Δm_0^<∼ 25 GeV^{10}.

Fig.2 shows σ_{χ̃}0_1�_p in the domain of large A_0 and for two values of tanβ for μ > 0 (sign convention of ISAJET)^{12}. The smaller tanβ gives the lower cross section for smaller m_{1/2}. In this case we have σ_{χ̃}0_1�_p^>∼ 1 × 10�^9pb, for m_{1/2} ≤ 600GeV, μ > 0 and A_0 ≤ 4m_{1/2}. This is still within the sensitivity range of proposed detectors.

A surprize cancellation can occur in part of the parameter space for negative μ in the coannihilation region which can greatly reduce σ_{χ̃}0_1�_p^{11}. In Fig.3, the cross section becomes a minimum (∼= 1 × 10�^{12}) at about tanβ=10, and then increases again for larger tanβ^{12}. In this domain, σ_{χ̃}0_1�_p would not be accessible to any of the currently planned detectors. However, mSUGRA predicts that this could happen for m_{1/2} = 600 GeV i.e. only when the gluino and squarks have masses greater than 1 TeV (and only for a restricted region of tanβ).

In the SUGRA models with nonuniversal soft breaking, we assume that the Higgs and third generation squark and slepton masses become nonuniversal. It is possible to greatly increase σ_{χ̃}0_1�_p, by a factor of 10-100 compared to the universal case by a suitable choice of nonuniversality. The current detectors can probe part of the parameter space for tanβ as low as tanβ ≃ 4. σ_{χ̃}0_1�_{pmin} occurs (as in mSUGRA) at the lowest tanβ and at the largest m_{1/2} i.e. in the coannihilation region. For μ < 0, there can again be a cancellation of matrix elements reducing the cross section to 10�^{12} pb when m_{1/2} = 600 GeV, tanβ ≃10 in a restricted part of the parameter space.

For the D-brane model, the lowest value of tanβ that can be examined by the current detectors is fifteen. We have σ_{χ̃}0_1�_{pmin}^>∼ 10�^9 pb for μ > 0, while a cancellation allows σ_{χ̃}0_1�_p to fall to 10�^{12} pb for μ < 0 at tanβ ≃ 12^{12} (with again a gluino/squark mass spectrum in the TeV domain).

This work was supported in part by NSF grant no. PHY-9722090.

References

1. L. Ibanez, C. Munoz and S. Rigolin, Nucl. Phys. B553 (1999) 43; M. Brhlik, L. Everett, G. Kane and J. Lykken; Phys. Rev. D62 (2000) 035005.

2. J. Ellis, T. Falk, G. Ganis and K.A. Olive, hep-ph/0004109. 3. D0 Collaboration, Phys. Rev. Lett. 83 (1999) 4937. 4. M. Alam et al., Phys. Rev. Lett. 74 (1995) 2885.

5. E. Accomando, R. Arnowitt, B. Dutta and Y. Santoso, Nucl. Phys. B585 (2000) 124;

R. Arnowitt, B. Dutta and Y. Santoso, hep-ph/0008336. 6. J. Ellis and R. Flores,Phys. Lett. B263 (1991) 259; B300 (1993) 175. 7. M. Ollson, hep-ph/0001203; M. Pavan, R. Arndt, I. Stravkovsky, and R. Workman, nucl-th/9912034.

8. A. Bottino, F. Donato, N. Fornengo, and S. Scopel, Astropart. Phys. 13 (2000) 215. 9. H. Leutwyler, Phys. Lett. B374 (1996) 163.

10. J. Ellis, T. Falk, K.A. Olive and M. Srednicki, Astropart. Phys. 13 (2000) 181. 11. J. Ellis, A. Ferstl and K.A. Olive; hep-ph/0001005. 12. R. Arnowitt, B. Dutta, Y. Santoso, in preparation.

Figure 1: (σ_{χ̃}0_1�_p)_{max} for mSUGRA obtained by varying A_0 and m_0 over the parameter space for tanβ = 20, 30, 40, and 50[5]. The relic density constraint has been imposed.

Figure 2: (σ_{χ̃}0_1�_p) for mSUGRA in the coannihilation region for tanβ = 40 (upper curve) and tanβ = 3 (lower curve), A_0 = 4m_{1/2}, μ > 0[6].

Figure 3: (σ_{χ̃}0_1�_p) for mSUGRA and μ < 0 for (from top to bottom on right) tanβ=20, 5 and 10. Note that for tanβ ≥ 10, the curves terminate at the left due to the b → sγ constraint[6].