hep-ph/9906385 16 Jun 1999

KAIST-TH 98/21 hep-ph/yymmddd

Constraints on the R-parity Violating Couplings from B� ! l�ν Decays

Seungwon Baek^∗ and Yeong Gyun Kim^†

Department of Physics, Korea Advanced Institute of Science and Technology Taejon 305-701, Korea

Abstract

We derive the upper bounds on certain products of R-parity- and leptonflavor-violating couplings from B^± ! l^±ν decays. These modes of B-meson decays can constrain the product combinations of the couplings with one or more heavy generation indices which are comparable with or stronger than the present bounds. And we investigate the possible effects of R-parity violating interactions on B_c ! lν decays. These decay modes can be largely affected by R-parity violation.

PACS Number: 11.30.Pb, 11.30.Fs, 13.25.Hw, 13.20.-v

Typeset using REVTEX

∗E-mail: swbaek@muon.kaist.ac.kr

†E-mail: ygkim@muon.kaist.ac.kr

In supersymmetric extensions of the standard model, there are gauge invariant interactions which violate the baryon number (B) and the lepton number (L) in general. To prevent occurrings of these B- and L-violating interactions in supersymmetric extensions of the standard model, the additional global symmetry is required. This requirement leads to the consideration of the so called R-parity(R_p). Even though the requirement of R_p conservation makes a theory consistent with present experimental searches, there is no good theoretical justification for this requirement. Therefore the models with explicit R_p-violation have been considered by many authors [1].

In the MSSM, the most general R_p-violating superpotential is given by W_{R/p} = λ_{ijk}L_iL_jE^c_k + λ^′_{ijk}L_iQ_jD^c_k + λ^{′′}_{ijk}U^c_i D^c_j D^c_k. (1) Here i, j, k are generation indices and we assume that possible bilinear terms μ_iL_iH_2 can be rotated away. L_i and Q_i are the SU(2)-doublet lepton and quark superfields and E^c_i , U^c_i , D^c_i are the singlet superfields respectively. λ_{ijk} and λ^{′′}_{ijk} are antisymmetric under the interchange of the first two and the last two generation indices respectively; λ_{ijk} = −λ_{jik} and λ^{′′}_{ijk} = −λ^{′′}_{ikj} . So the number of couplings is 45 (9 of the λ type, 27 of the λ^′ type and 9 of the λ^{′′} type). Among these 45 couplings, 36 couplings are related with the lepton flavor violation.

There are upper bounds on a single R_p violating coupling from several different sources [2–5]. Among these, upper bounds from neutrinoless double beta decay [3], ν mass [4] and K^+, t−quark decays [5] are strong. Neutrinoless double beta decay gives λ^′_{111} < 3.5 × 10^{−4}. The bounds from ν mass are λ_{133} < 3 × 10^{−3} and λ^′_{133} < 7 × 10^{−4}. From K^+-meson decays one obtain λ^′_{ijk} < 0.012 for j = 1 and 2. These bounds from K^+-meson decays are basisdependent [5,6]. Here all masses of scalar partners which mediate the processes are assumed to be 100 GeV. Extensive reviews of the updated limits on a single R_p-violating coupling can be found in [6].

There are more stringent bounds on some products of the R_p-violating couplings from the mixings of the neutral K- and B- mesons and rare leptonic decays of the K_L-meson, the muon and the tau [8], B^0 decays into two charged leptons [9], bb̄ productions at LEP [10] and muon(ium) conversion, and τ and π^0 decays [11], semileptonic decays of B mesons [12], B → X_sl^+_i l^−_j decays [13].

In this paper, we derive the upper bounds on certain products of R_p and lepton flavor violating couplings from B^± → l^±ν decays in the minimal supersymmetric standard model (MSSM) with explicit R_p violation. These modes of B-meson decays can constrain the product combinations of the couplings with one or more heavy generation indices. Here, we assume that the baryon number violating couplings λ^{′′}’s vanish in order to avoid too fast proton decays. Especially in the models with a very light gravitino (G) or axino (ã), λ^{′′} have to be very small independently of λ^′ from the proton decay p → K^+G (or K^+ã) ; λ^{′′}_{112} < 10^{−15} [14]. One can construct a grand unified model which has only lepton number non-conserving trilinear operators in the low energy superpotential when R_p is broken only by bilinear terms of the form L_iH_2 [15]. And usually it may be very difficult to discern signals of B-violating interactions above QCD backgrounds [4].

In the MSSM with R_p, the terms in the effective lagrangian relevant for the leptonic B-meson decays are L^{eff} (bq̄ → e_lν̄_l) = −V_{qb} 4G_F √ 2 [(q̄γ^μP_Lb)(ē_lγ_μP_Lν_l) − R_l(q̄P_Rb)(ē_lP_Lν_l)] , (2)

where P_{R,L} =^1_2 (1 ± γ_5), R_l = r^2m_{el} m^Y_b , r =^{tan β}_{mH}� . An upper index Y denotes the running quark mass, tan β is the ratio of the vacuum expectation values of the neutral Higgs fields and m_H� is the mass of the charged Higgs fields. The first term in Eq. (2) gives the standard model (SM) contribution and the second one gives that of the charged Higgs scalars. Neglecting the masses of the electron (l = 1) and the muon (l = 2), the contribution of the charged Higgs scalars is zero. The contribution of the charged Higgs scalars is not vanishing only when l = 3 ; bq̄ → τ ν̄_τ . We neglect a term proportional to m^Y_c for q = c since the term is suppressed by the mass ratio m^Y_c /m^Y_b and does not have the possibly large tan^2 β factor.

In the MSSM without R_p, the exchange of the sleptons and the squarks leads to the additional four-fermion interactions which are relevant for the leptonic decays of B-meson. Considering the fact that the CKM matrix V is not an identity matrix, the λ^′ terms of the Eq. (1) are reexpressed in terms of the the fermion mass eigenstates as follow W_λ0 = λ^′_{ijk} ( N_iD_j − ∑ p V^†_{jp}E_iU_p ) D^c_k, (3)

where N_i, E_i, U_i and D_i are the superfields with neutrinos, charged leptons, up- and downtype-quarks and λ^′ have been redefined to absorb some field rotation effects. From Eq. (1) and Eq. (3) we obtain the effective interactions which are relevant for the leptonic decays of B-meson as follows L^{eff}_{Rp/} (bq̄ → e_lν̄_n) = −V_{qb} 4G_F √ 2 [A^q_{ln}(q̄γ^μP_Lb)(ē_lγ_μP_Lν_n) − B^q_{ln}(q̄P_Rb)(ē_lP_Lν_n)] , (4)

where we assume the matrices of the soft mass terms are diagonal in the fermion mass basis. Note that the operators in Eq. (4) take the same form as those of the MSSM with R_p. Comparing with the SM, the above effective lagrangian includes the interactions even when l and n are different from each other. The dimensionless coupling constants A and B depend on the species of quark, charged lepton and neutrino and are given by A^q_{ln} = √ 2 4G_F V_{qb} 3∑ i,j=1 1 2m^2_{d̃ci} V_{qj}λ^′_{n3i}λ^{′∗}_{lji},

B^q_{ln} = √ 2 4G_F V_{qb} 3∑ i,j=1 2 m^2_{l̃i} V_{qj}λ_{inl}λ^{′∗}_{ij3}, (5) where l and n are the generation indices running from 1 to 3.

From the numerical values of [16], we find

A^u_{ln} = 3∑ i=1 λ^′_{n3i} { 422λ^{′∗}_{l1i} ( V_{ud}/0.9751 V_{ub}/0.0035 ) + 96λ^{′∗}_{l2i} ( V_{us}/0.2215 V_{ub}/0.0035 ) + 1.52λ^{′∗}_{l3i} } 100 GeV m~_dc_i 2 ,

B^u_{ln} = 3∑ i=1 λ_{inl} { 1689λ^{′∗}_{i13} ( V_{ud}/0.9751 V_{ub}/0.0035 ) + 384λ^{′∗}_{i23} ( V_{us}/0.2215 V_{ub}/0.0035 ) + 6.1λ^{′∗}_{i33} } ( 100 GeV m~_{li} )_2 ,

A^c_{ln} = 3∑ i=1 λ^′_{n3i} { 8.2λ^{′∗}_{l1i} ( V_{cd}/0.221 V_{cb}/0.041 ) + 36λ^{′∗}_{l2i} ( V_{cs}/0.9743 V_{cb}/0.041 ) + 1.52λ^{′∗}_{l3i} } 100 GeV m~_dc_i 2 ,

B^c_{ln} = 3∑ i=1 λ_{inl} { 32.7λ^{′∗}_{i13} ( V_{cd}/0.221 V_{cb}/0.041 ) + 144λ^{′∗}_{i23} ( V_{cs}/0.9743 V_{cb}/0.041 ) + 6.1λ^{′∗}_{i33} } ( 100 GeV m~_{li} )_2

. (6)

Note the large numerical factors coming from the big differences between the values of the CKM matrix elements.

First, we consider q = u case. At presents, the measurements of the branching ratios of the B^± → l^±ν processes give the upper bounds (at 90 % C.L.) [16]

BR(B^− → e^−ν̄_e) < 1.5 × 10^{−5}, BR(B^− → μ^−ν̄_μ) < 2.1 × 10^{−5}, BR(B^− → τ^−ν̄_τ ) < 5.7 × 10^{−4}. (7)

These experimental bounds are much larger than the standard model expectations; BR(B^− → e^−ν̄_e)_{SM} ∼ 9.2 × 10^{−12}, BR(B^− → μ^−ν̄_μ)_{SM} ∼ 3.9 × 10^{−7} and BR(B^− → τ^−ν̄_τ )_{SM} ∼ 8.8 × 10^{−5}.

If we assume that the R_p-violating interactions are dominated, the decay rate of the processes B^− → e_lν̄_n reads

Γ(B^− → e_lν̄_n) = 1 8π |V_{ub}|^2G^2_F f^2_BM^3_B | | | |A^u_{ln} m_l M_B − B^u_{ln} | | | | 2 ( 1 − m^2_l M^2_B

)_2

, (8)

using the PCAC (partial conservation of axial-vector current) relations ⟨0|b̄γ^μγ_5q|B_q(p)⟩ = if_{Bq} p^μ_{Bq} , ⟨0|b̄γ_5q|B_q(p)⟩ = −if_{Bq} M^2_{Bq} m_b + m_q ∼= −if_{Bq} M_{Bq} , (9)

Since the species of the neutrinos cannot be distinguished by experiments and the R_p-violating interactions allow the different kinds of the charged lepton and the neutrino as decay products, we should sum the above decay rates over neutrino species to compare with experimental data as follow

Γ(B^− → e^−_l ν̄) ≡ 3∑ n=1 Γ(B^− → e^−_l ν̄_n). (10)

From the Eq. (8), (10) and the upper limit on the branching ratio, Eq. (7), we obtain 3∑ n=1 | | | |B^u_{1n} | | | | 2 < 1.5 × 10^{−2}, 3∑ n=1 | | | |B^u_{2n} | | | | 2 < 2.1 × 10^{−2}, 3∑ n=1 | | | |B^u_{3n} − 0.337A^u_{3n} | | | | 2 < 7.4 × 10^{−1}, (11)

For numerical calculations, we used τ_B = 1.6 ps, f_B = 200 MeV , m_τ = 1.78 GeV and neglected the lepton masses for l = e, μ cases.

Under the assumption that only one product combination is not zero, we get the upper bounds on some combinations of the λλ^′- and λ^′λ^′-type. For the product combinations of λλ^′ type, we observe that the several bounds are stronger than the previous bounds and list them in the Table I. In the case of the product combinations of λ^′λ^′ type, there is no stronger bound than the previous ones. The previous bounds are calculated from the bounds on single R_p violating coupling, see Table 1 of ref. [7]

Next, we consider q = c case. Recently charmed B meson (B_c) are observed [17]. It is expected that in the near future large data sample of B_c mesons would be avaliable. The standard model predictions of branching ratios for B_c → lν decay modes are BR(B_c → eν)_{SM} ∼ 2.5 × 10^{−9}, BR(B_c → μν)_{SM} ∼ 1.0 × 10^{−4}, BR(B_c → τ ν)_{SM} ∼ 2.6 × 10^{−2}. These branching ratios can be largely affected by R-parity violation. If we assume that the R_p-violating interactions are dominated, the decay rate of the processes B^−_c → e_lν̄_n reads

Γ(B^−_c → e_lν̄_n) = 1 8π |V_{cb}|^2G^2_F f^2_{Bc} M^3_{Bc} | | |A^c_{ln} m_l M_{Bc} − B^c_{ln} | | | 2 ( 1 − m^2_l M^2_{Bc} )_2

. (12)

In Table 2, we list the combinations of couplings whose present upper limits allows the branching ratios to have the values of order of 10^{−2}, assuming only one product of R_pviolating couplings is nonzero. For numerical calculations, we used τ_{Bc} = 0.55 ps, f_{Bc} = 450 MeV , M_{Bc} = 6.275 GeV [18].

To conclude, we have derived the more strigent upper bounds on certain products of R_p and lepton-flavor-violating couplings from the upper limits of B^± → l^±ν branching ratios. And we investigate the possible effects of R-parity violating interactions on B_c → lν decays. These decay modes can be largely affected by R-parity violation.

ACKNOWLEDGEMENTS

This work was supported in part by KOSEF postdoctoral program (S.B) and the KAIST Center for Theoretical Physics and Chemistry (Y.G.K).

REFERENCES

[1] J. Ellis et al., Phys. Lett. B150, 142 (1985); G. G. Ross and J. W. F. Valle, Phys. Lett.

B151, 375 (1985); S. Dawson, Nucl. Phys. B261, 297 (1985); S. Dimopoulos and L. Hall, Phys. Lett. B207, 210 (1987).

[2] V. Barger, G. F. Giudice and T. Han, Phys. Rev. D40, 2987 (1989). [3] R. N. Mohapatra, Phys. Rev. D34, 3457 (1986); M. Hirsch, H. V. Klapdor– Kleingrothaus and S. G. Kovalenko, Phys. Rev. Lett. 75, 17 (1995).

[4] R. M. Godbole, P. Roy and X. Tata, Nucl. Phys. B401, 67 (1993). [5] K. Agashe, M. Graesser, Phys. Rev. D54, 4445 (1996).

[6] G. Bhattacharyya, Nucl. Phys. Proc. Suppl. 52A, 83 (1997), G. Bhattacharyya, hepph/9709395, R. Barbier et al., hep-ph/9810232 [7] M. Chaichian and K. Huitu, Phys. Lett. B384, 157 (1996). [8] D. Choudhury and P. Roy, Phys. Lett. B378, 153 (1996). [9] J. Jang, J. K. Kim and J. S. Lee, Phys. Rev. D55, 7296 (1997). [10] J. Erler, J. L. Feng and N. Polonsky, Phys. Rev. Lett. 78, 3063 (1997) [11] J. E. Kim, P. Ko and D. Lee, Phys. Rev. D56, 100 (1997). [12] J. Jang, Y. G. Kim and J. S. Lee, Phys. Lett. B408, 367 (1997) [13] J. Jang, Y. G. Kim and J. S. Lee, Phys. Rev. D58, 035006 (1998) [14] K. Choi, E. J. Chun and J. S. Lee, Phys. Rev. D55, 3924 (1997) [15] L. J. Hall and M. Suzuki, Nucl. Phys. B231, 419 (1984); F. Vissani, Nucl. Phys. Proc.

Suppl. 52A, 94 (1997).

[16] Review of Particle Properties, Euro. Phys. J. C3 , 1 (1998). [17] G.Alexander et al., OPAL Coll., Z. Phys. C70, 197 (1996);

K.Ackerstaff et al., OPAL Coll., Preprint CERN-PPE/97-137 (1997) and its early version at XVIII Symposium on Lepton-Photon Interactions, Hamburg, 1997; P.Abreu et al., DELPHI Coll., Phys. Lett. B398, 207 (1997); R.Barate et al., ALEPH Coll., Preprint CERN-PPE/97-026 (1997).

[18] M. L. Mangano and S. R. Slabospitsky, Phys. Lett. B410, 299 (1997).

TABLES

TABLE I. Upper bounds on the magnitudes of products of couplings derived from B ! lν. Decay Mode Combinations Constrained Upper bound Previous bound

B^− ! e^−ν̄ λ_{131}λ^′_{113} 7.3�10^{−5} 4.9 �10^{−4}a λ_{131}λ^′_{123} 3.2�10^{−4} 6.0 �10^{−4} λ_{131}λ^′_{323} 3.2�10^{−4} 6.0 �10^{−4} λ_{231}λ^′_{213} 7.3�10^{−5} 4.9 �10^{−4}a λ_{231}λ^′_{223} 3.2�10^{−4} 5.5 �10^{−4} λ_{231}λ^′_{233} 2.0�10^{−2} 2.0 �10^{−2} λ_{231}λ^′_{323} 3.2�10^{−4} 5.5 �10^{−4} B^− ! μ^−ν̄ λ_{132}λ^′_{113} 8.7�10^{−5} 6.0 �10^{−4}a λ_{132}λ^′_{123} 3.8�10^{−4} 6.0 �10^{−4} λ_{132}λ^′_{323} 3.8�10^{−4} 6.0 �10^{−4} λ_{232}λ^′_{213} 8.7�10^{−5} 6.0 �10^{−4}a λ_{232}λ^′_{223} 3.8�10^{−4} 5.5 �10^{−4} B^− ! τ^−ν̄ λ_{123}λ^′_{113} 5.1�10^{−4} 6.0 �10^{−4}a λ_{233}λ^′_{213} 5.1�10^{−4} 5.5 �10^{−4} λ_{233}λ^′_{313} 5.1�10^{−4} 6.0 �10^{−4}a

a: Bounds from B → l^+_i l^−_j [9].

TABLE II. Maximally allowed braching ratios and the list of combinations whose present upper bounds allow the branching ratios to have the value of order of 10^{−2}. Decay Mode Combinations Branching Ratio

B^−c ! e^−ν̄ λ_{131}λ^′_{123} 1.1�10^{−2} λ_{131}λ^′_{323} 1.1�10^{−2} λ_{231}λ^′_{223} 2.2�10^{−2} B^−c ! μ^−ν̄ λ_{132}λ^′_{123} 1.0�10^{−2} λ_{232}λ^′_{223} 2.1�10^{−2} B^−c ! τ^−ν̄ λ_{233}λ^′_{223} 0.5�10^{−2}