arXiv:0909.3994v1 [hep-ph] 22 Sep 2009

PITHA 09/24

Rare meson decays into very light neutralinos

Ben O’Leary

Institut für Theoretische Physik, RWTH Aachen University, 52056 Aachen, Germany

Abstract. Results are presented for the two-body decays of mesons into light neutralinos and from the first complete calculation of the loop-induced decays of kaons to pions plus light neutralinos and of B mesons to kaons plus light neutralinos. The branching ratios are shown to be strongly suppressed within the MSSM with minimal flavor violation, and no bounds on the neutralino mass can be inferred from experimental data, i.e. a massless neutralino is allowed.

Keywords: Meson decays, supersymmetric particles PACS: 12.60.Jv, 13.20.Eb, 13.20.Gd, 13.20.He

INTRODUCTION

The particle data group [1] quotes a model-dependent lower limit on the mass of the lightest neutralino [2] of m_{χ̃}0_1 > 46 GeV, assuming the unification of the gaugino mass parameters M_1 and M_2 at some high energy scale. The renormalization group evolution then implies

M_1 = 5 3 g^{′2} g^2

M_2 = 5 3 tan^2θ_W M_2≈ 1 2 M_2 (1)

at the electroweak scale (g and g^′ denote the SU(2)_L and U(1)_Y gauge couplings respectively, and θ_W the weak mixing angle). The experimental bound for the lighter chargino, m_{χ̃}±_1 > 94 GeV [1], places a lower bound on M_2 (and on the higgsino mass parameter μ) and indirectly, through Eq. (1), on M_1. The bounds on M_1, M_2 and μ, as well as the lower bound on tanβ from the LEP Higgs searches [3], then in turn give rise to the above lower bound on m_{χ̃}0_1 .

This paper presents the results of an investigation [4] into a more general MSSM scenario where Eq. (1) is not assumed and M_1 and M_2 are treated as independent parameters. It has been shown that in such a scenario one can adjust M_1 and M_2 such that the lightest neutralino is massless [5, 6, 7]. While a very light or massless neutralino cannot provide the cold dark matter content of the universe, it is consistent with all existing laboratory constraints and astrophysical and cosmological observations [8].

MESON DECAYS INTO LIGHT NEUTRALINOS

The tree-level contributions to the decays of pseudoscalar (P) or vector (V ) mesons, P/V →χ̃^0_1 χ̃^0_1 , are mediated by ũ_{iL/R} and d̃_{iL/R} t-channel exchange, Fig. 1.

FIGURE 1. Feynman diagrams for the decay P/V →χ̃^0_1 χ̃^0_1 (left and middle) and generic overview for K^−→π^−χ̃^0_1 χ̃^0_1 (right), omitting diagrams with the χ̃^0_1 s crossed.

FIGURE 2. The BRs for a pseudoscalar (P) and vector meson (V ) decay P/V→χ̃^0_1 χ̃^0_1 against the ratio m_{χ̃}0_1 /m_{P/V} normalized to the maximal BR.

Since the branching ratio (BR) depends on the ratio m_{χ̃}0_1 /m_P in exactly the same way for each pseudoscalar meson P and differs only by an overall factor, and similarly for each vector meson V , the dependences are plotted once, in Fig. 2.

The decay of a pseudoscalar to a fermion-antifermion pair requires at least one of the fermions to be massive, due to the required helicity flip. In Fig. 2 we see that the BR for pseudoscalar decays goes to zero as m_{χ̃}0_1 →0. Hence pseudoscalar decays offer no bounds for models with massless neutralinos. Instead, the maximal BR is reached for m_{χ̃}0_1 /m_P = 1/ √ 6 ≈ 0.41. Note that there is no helicity suppression for vector decays, and so increasing m_{χ̃}0_1 only reduces the available phase space and thus the BR. Hence, the maximal BR is reached for m_{χ̃}0_1 = 0. Since there is interference between the contributions of different flavors of valence quark, the results presented in Tab. 1 are for the extreme cases where the BR is maximized by decoupling squarks in such a way as to minimize destructive interference.

K^−→π^−χ̃^0_1 χ̃^0_1 AND B^−→K^−χ̃^0_1 χ̃^0_1

There is no required helicity flip for pseudoscalar decay into three-body final states, and so there could be significant bounds from the decays K^−→π^−χ̃^0_1 χ̃^0_1 and B^−→K^−χ̃^0_1 χ̃^0_1 .

The flavor-changing vertex at the level of the valence quarks in the mesons can be represented by a set of four-fermion operators, either from integrating out squarks with mass eigenstates that are not aligned with the quark mass eigenstates, or from loops involving charged flavor-changing currents.

TABLE 1. Maximized BRs for two-body decays of pseudoscalar mesons to neutralinos, assuming minimal destructive interference and all non-decoupled squarks having mass of 100 GeV.

Meson BR_{max}(→χ̃^0_1 χ̃^0_1 ) Exp. bound Meson BR_{max}(→χ̃^0_1 χ̃^0_1 ) Exp. bound

π^0 1.63 ×10^{−10} 2.7×10^{−7} ρ^0 8.01 ×10^{−15} none

η 7.60 ×10^{−11} 6×10^{−4} ω 7.51 ×10^{−14} none

η^′ 3.83 ×10^{−12} 1.4×10^{−3} ϕ 1.57 ×10^{−13} none

J/ψ 5.12 ×10^{−9} 5.9×10^{−4} ϒ 4.47 ×10^{−8} 2.5×10^{−3}

TABLE 2. Numerical values for calculated BRs for K^−→π^−χ̃^0_1 χ̃^0_1 and B^−→K^−χ̃^0_1 χ̃^0_1 at the various pseudo-SPS points described in the text. The rows denoted BR/Exp. show the ratios of the calculated BR to the experimental value of the BR for K^−→π^−νν̄ (1.73×10^{−10}) or to the experimental upper bound for B^−→K^−νν̄ (1.4×10^{−5}).

pseudo-SPS 1a 2 3 4 5

BR_K−_{→π}−_{χ̃}0_{1 χ̃}0_1 3.28 ×10^{−16} 1.47 ×10^{−18} 6.99 ×10^{−17} 8.76 ×10^{−17} 5.12 ×10^{−16}

BR/Exp. 1.90 ×10^{−6} 8.49 ×10^{−9} 4.04 ×10^{−7} 5.06 ×10^{−7} 2.96 ×10^{−6}

BR_B−_{→K}−_{χ̃}0_{1 χ̃}0_1 3.35 ×10^{−10} 2.48 ×10^{−12} 7.19 ×10^{−11} 2.53 ×10^{−10} 7.14 ×10^{−10}

BR/Exp. 2.39 ×10^{−5} 1.77 ×10^{−7} 5.14 ×10^{−6} 1.81 ×10^{−5} 5.10 ×10^{−5}

If one requires Minimal Flavor Violation (MFV), such that the Cabibbo-Kobayashi- Maskawa (CKM) matrix is the only source of flavor-violation, then these decays happen only through flavor-changing loops. Explicit Feynman diagrams for these loops can be found in Ref. [4], as can the details of the calculation. Quoted here are the BRs obtained when the sparticle mass spectrum is taken to be that of the SPS points 1a, 2, 3, 4 and 5, with M_1 adjusted such that m_{χ̃}0_1 = 0 (denoted “pseudo-SPS” points).

If one relaxes the constraint of MFV, these three-body decays can happen at tree-level. In Fig. 3 the BRs for K^−→π^−χ̃^0_1 χ̃^0_1 are presented for varying m_{χ̃}0_1 and mass insertion parameter (δ^d_{i j})_{XY} ≡(δ m^2_{d,XY} )_{i j}/m̃^2, where δ m^2_{q,XY} are the off-diagonal elements of the squark mass-squared matrix in the super-CKM basis and m̃^2 is the “average” squark mass squared, which is assumed to be 500 GeV. Results for the cases B^−→K^−/π^−χ̃^0_1 χ̃^0_1 can be found in Ref. [4].

CONCLUSION

It has been shown that the supersymmetric BRs in various MSSM scenarios are several orders of magnitude smaller then the SM processes with neutrinos instead of neutralinos in the final state. Consequently, no bounds on the neutralino mass can be inferred from rare meson decays in the MSSM with minimal flavor violation. However, the BRs for

FIGURE 3. BRs for K^−→π^−χ̃^0_1 χ̃^0_1 for varying m_{χ̃}0_1 and (δ^d_{ds})_{LL} (left) and (δ^d_{ds})_{RR} (right), normalized

to the SM prediction for K^−→π^−νν̄ (8.5×10^{−11} [9]). The lightest grey (yellow) region corresponds to normalized BRs ≥10. The upper (lower) solid gray (turquoise) line corresponds to the experimentally measured BR +2σ for K^−→π^−νν̄, multiplied by a correction factor (see Ref. [4] for details). The dashed lines show upper bounds on the mass insertions (δ^d_{ds})_{LL/RR} obtained from K^0–K̄^0 mixing [10] for different ratios of squark and gluino masses.

the K^−→π^−χ̃^0_1 χ̃^0_1 and B^−→K^−χ̃^0_1 χ̃^0_1 decays may be significantly enhanced when one allows for non-minimal flavor violation, and new constraints on the MSSM parameter space for such scenarios have been presented.

ACKNOWLEDGMENTS

The work presented was supported in part by the European Community’s Marie-Curie Research Training Network under contract MRTN-CT-2006-035505 “Tools and Precision Calculations for Physics Discoveries at Colliders”, the DFG SFB/TR9 “Computational Particle Physics” and the Helmholtz Alliance “Physics at the Terascale”.

REFERENCES

1. C. Amsler et al. [Particle Data Group], Phys. Lett. B 667 (2008) 1.

2. J. Abdallah et al. [DELPHI Collaboration], Eur. Phys. J. C 31 (2004) 421 [arXiv:hep-ex/0311019]. 3. LEP Higgs Working Group, LHWG-Note 2005-01.

4. H. K. Dreiner, S. Grab, D. Koschade, M. Kramer, B. O’Leary and U. Langenfeld, Phys. Rev. D 80 (2009) 035018 [arXiv:0905.2051 [hep-ph]].

5. A. Bartl, H. Fraas, W. Majerotto and N. Oshimo, Phys. Rev. D 40 (1989) 1594. 6. I. Gogoladze, J. D. Lykken, C. Macesanu and S. Nandi, Phys. Rev. D 68 (2003) 073004 [arXiv:hep-ph/0211391].

7. H. K. Dreiner, C. Hanhart, U. Langenfeld and D. R. Phillips, Phys. Rev. D 68 (2003) 055004 [arXiv:hep-ph/0304289].

8. H. K. Dreiner, S. Heinemeyer, O. Kittel, U. Langenfeld, A. M. Weber and G. Weiglein, arXiv:0901.3485 [hep-ph].

9. G. Isidori, F. Mescia and C. Smith, Nucl. Phys. B 718 (2005) 319 [arXiv:hep-ph/0503107];

A. J. Buras, M. Gorbahn, U. Haisch and U. Nierste, Phys. Rev. Lett. 95 (2005) 261805 [arXiv:hep-ph/0508165]; A. J. Buras, M. Gorbahn, U. Haisch and U. Nierste, JHEP 0611 (2006) 002 [arXiv:hep-ph/0603079]; F. Mescia and C. Smith, Phys. Rev. D 76 (2007) 034017 [arXiv:0705.2025 [hep-ph]]; J. Brod and M. Gorbahn, Phys. Rev. D 78 (2008) 034006 [arXiv:0805.4119 [hep-ph]].

10. M. Ciuchini et al., JHEP 10 (1998) 008 [arXiv:hep-ph/9808328].