Received: September 27, 1999, Accepted: September 29, 1999

HYPER VERSION

New physics effects in doubly Cabibbo suppressed D decays

Sven Bergmann and Yosef Nir

Department of Particle Physics Weizmann Institute of Science, Rehovot 76100, Israel E-mail: ftsven@clever.weizmann.ac.il, ftnir@weizmann.weizmann.ac.il

Abstract: The most sensitive experimental searches for D^0–D̄^0 mixing use D^0 → K^+π^− decays. It is often assumed that effects of New Physics and, in particular, CP violation, can appear through the mixing, while the c → dus̄ decay amplitude cannot have significant contributions from New Physics and is, therefore, CP conserving to a good approximation. We examine this assumption in two ways. First, we calculate the contributions to the decay in various relevant models of New Physics: Supersymmetry without R-parity, multi-scalar models, left-right symmetric models, and models with extra quarks. We find that phenomenological constraints imply that the New Physics contributions are indeed small compared to the standard model doubly Cabibbo suppressed amplitude. Second, we show that many of our constraints hold model-independently. We find, however, one case where the model-independent bound is rather weak and a CP violating contribution of order 30% is not excluded.

Keywords: Beyond Standard Model, CP violation.

Contents

1. Introduction 1

2. Specific models 2 2.1 Supersymmetry without R-parity 2 2.2 Multi-scalar models 3 2.3 Left-right symmetric models 5 2.4 Extra quarks in SM vector-like representations 6

3. Model independent analysis 7

4. Conclusions 9

1. Introduction

The decay D̄^0 → K^+π^− proceeds via the quark sub-process c̄ → dūs̄ and is Cabibbo favored:

A^{SM}(D̄^0 → K^+π^−) ∝ G_F |V_{cs}V_{ud}| . (1.1)

The decay D^0 → K^+π^− proceeds via the quark sub-process c → dus̄ and is doubly Cabibbo suppressed:

A^{SM}(D^0 → K^+π^−) ∝ G_F |V_{cd}V_{us}| . (1.2)

If D^0–D̄^0 mixing is large, then there could be a significant contribution to the latter from D^0 → D̄^0 → K^+π^−, where the second stage is Cabibbo favored. The most sensitive experimental searches for D^0–D̄^0 mixing use indeed this process. The fact that the first-mix-then-decay amplitude gives a different time dependence than the direct decay allows experimenters to distinguish between the two contributions and to set unambiguous upper bounds on the mixing.

The standard model (SM) prediction for D^0–D̄^0 mixing, (Δm_D/m_D)_{SM} ∼ 10^{−16} [1]–[14], is well below the present experimental sensitivity, (Δm_D/m_D)_{exp} < 8.5 × 10^{−14} [15]–[19]. If mixing is discovered within an order of magnitude of present bounds, its theoretical explanation will require contributions from New Physics. Even more convincing evidence for New Physics will arise if CP violation plays a role in the D^0 → K^+π^− decay [20, 21]. The reason is that, while the calculation of the total rate suffers from large hadronic uncertainties related to the long distance contributions, the SM prediction that there is no CP violation is very safe since it is only related to the fact that the third generation plays almost no role in both the mixing and the decay.

Most if not all present analyses of the search for D^0–D̄^0 mixing through D → Kπ decays make the assumption that the New Physics can affect significantly the mixing but not the decay. This is a plausible assumption. The SM contribution to the mixing is highly suppressed because it is second order in α_W and has a very strong GIM suppression factor, m^4_s/(M_W m_c)^2. The mixing is then sensitive to New Physics which could contribute at tree level (as in multi-scalar models), or through strong interactions (as in various supersymmetric models), etc. On the other hand, the SM contribution to the decay is through the tree-level W -mediated diagram. One does not expect that New Physics could give competing contributions.

Yet, since the decay in question is doubly Cabibbo suppressed, one may wonder if indeed the assumption that it gets no New Physics contributions is safe. It is the purpose of this work to test this assumption in a more concrete way. (For previous work on related processes, see [22, 23, 24].) We examine various reasonable extensions of the standard model with new tree level contributions to the decay. For each model, we present the relevant phenomenological constraints and find an upper bound on the new contributions to D^0 → K^+π^−.

From (1.1) and (1.2) we get the following (naive) estimate for the ratio of amplitudes: | | | A^{SM}(D^0 → K^+π^−) A^{SM}(D̄^0 → K^+π^−) | | | ∼ | | | V_{cd}V_{us} V_{cs}V_{ud} | | | ∼ 0.05 . (1.3)

The value of this ratio from the recent CLEO results [19] is about 0.058. Thus, if New Physics contributions to D^0 → K^+π^− are to compete with the doubly Cabibbo suppressed SM amplitude, the corresponding effective New Physics coupling G_N should satisfy G_N ≳ 10^{−2} G_F . (1.4) In section 2 we investigate if this is possible in various New Physics scenarios. In section 3 we study model-independent bounds on new tree-level contributions to D^0 → K^+π^−. We conclude in section 4.

2. Specific models

2.1 Supersymmetry without R-parity Supersymmetry without R-parity (R_p) predicts new tree diagrams contributing to the decay. The lepton number violating terms λ^′_{ijk}L_iQ_j d^c_k give a slepton-mediated contribution with an effective coupling: G^{λ′}_N = λ^′_{21k}λ^{′∗}_{12k} 4 √ 2M^2(ℓ̃^−_{Lk})

. (2.1)

These couplings are severely constrained by K^0–K̄^0 mixing (see e.g. [25]):

λ^′_{21k}λ^{′∗}_{12k} ≲ 10^{−9} , for M(ℓ̃^−_{Lk}) = 100 GeV . (2.2)

This rules out any significant contribution to D^0 → K^+π^− from slepton exchange in models of R_p violation: G^{λ′}_N G_F |V_{cd}V_{us}| ≲ 3 × 10^{−8} . (2.3)

The baryon number violating terms λ^{′′}_{ijk}u^c_i d^c_j d^c_k give a squark-mediated contribution with an effective coupling G^{λ′′}_N = λ^{′′}_{113}λ^{′′∗}_{223} 4 √ 2M^2(b̃_R)

. (2.4)

The λ^{′′}_{223} couplings is only constrained by requiring that it remains in the perturbative domain up to the unification scale and could be of order unity [26]. The λ^{′′}_{113} coupling is, however, severely constrained by the upper bound on n − n̄ oscillations [27]:

|λ^{′′}_{113}| ≲ 10^{−4} , for M(q̃) = 100 GeV . (2.5)

This rules out a significant contribution to D^0 → K^+π^− from squark exchange in models of R_p violation: G^{λ′′}_N G_F |V_{cd}V_{us}| ≲ 3 × 10^{−3} . (2.6)

2.2 Multi-scalar models Extensions of the scalar sector, beyond the single Higgs doublet of the SM, predict new tree diagrams contributing to the decay.

In two Higgs doublet models (2HDM) with natural flavor conservation, there is a charged Higgs (H^±) mediated contribution. The trilinear coupling of the physical charged Higgs to the u_i d̄_j bilinear is −L_H± = ig √ 2m_W u_i [ m_{ui} cot β P_L + m_{dj} tan β P_R ] V_{ij} d_jH^+ + h.c. , (2.7)

where m_W is the mass of the W -boson, m_q is the mass of the quark q, tan β = v_u/v_d is the ratio of vevs and P_{R,L} = (1 ± γ_5)/2. It follows that the charged Higgs mediated contribution is also doubly Cabibbo suppressed. Then, for large tan β, the suppression with respect to the SM contribution is given by G^{H±}_N G_F |V_{cd}V_{us}| ≃ m_d m_s tan^2 β M^2_{H±} ≲ 4 × 10^{−4} . (2.8)

To obtain the upper bound, we used the constraint from b → cτν [28, 29]:

tan β ≲ 0.5 ( M_H± GeV ) , (2.9) and the ranges of quark masses given in ref. [30]. For tan β ≃ 1 we have G^{H±}_N G_F |V_{cd}V_{us}| ≃ m_s m_c M^2_{H±} ≲ 10^{−4} . (2.10)

To obtain the upper bound, we used M_H± ≳ 54.5 GeV [30]. Thus there are no significant contributions to D^0 → K^+π^− from charged Higgs exchange within 2HDM.

Multi Higgs doublet models with natural flavor conservation but with more than two Higgs doublets have parameters that are less constrained and, in particular, provide new sources of CP violation. There are several charged scalars that can mediate the D^0 → K^+π^− decay. If we take the simplest case that only one of them contributes in a significant way (see e.g. [31]), then its couplings are similar to those of eq. (2.7) except that tan β and cot β are replaced by, respectively, X and Y . In general, X and Y are complex and, moreover, |XY | ≠ 1. Eq. (2.8) is modified: G^{H±}_N G_F |V_{cd}V_{us}| ≃ m_d m_s|X|^2 M^2_{H±} ≲ 10^{−2} . (2.11)

To obtain the upper bound, we used the perturbativity bound |X| ≲ 130 [32, 31] and the lower bound on M_H± . Note that this contribution is not only constrained to be small, but also it carries no new CP violating phase. In contrast, the new contribution that replaces that of eq. (2.10) does carry a new phase: G^{H±}_N G_F |V_{cd}V_{us}| ≃ m_s m_cY X^∗ M^2_{H±} ≲ 3 × 10^{−4} . (2.12)

To obtain the upper bound, we used the constraint from b → sγ, |XY | ≲ 4 [31]. The bound on a CP violating contribution is even somewhat stronger, since the measurement of b → sγ gives Im(X^∗Y ) ≲ 2 [33]. In any case, the contribution from charged Higgs exchange in multi Higgs doublet models is, at most, at the percent level. The CP violating part of this contribution is at most of order 10^{−4} .

It is possible that Yukawa couplings are naturally suppressed by flavor symmetries rather than by natural flavor conservation [6]. In such a framework, there is a contribution to D^0 → K^+π^− from neutral scalar exchange. To estimate these contributions, we use the explicit models of ref. [34]. Here, a horizontal U(1)_H symmetry is imposed. At low energies, the symmetry is broken by a small parameter λ (usually taken to be of the order of the Cabibbo angle, λ ∼ 0.2), leading to selection rules. The scalar sector consists of two Higgs doublets, ϕ_u and ϕ_d, and a single scalar singlet S. The effective coupling of the S scalar to quarks is given by

−L_S = Z^q_{ij} S q_{iR} q_{jL} + h.c. , q = u, d , i, j = 1, 2, 3 . (2.13)

The order of magnitude of Z^q_{ij} is determined by the selection rules related to the broken flavor symmetry: Z^q_{ij} ∼ M^q_{ij} ⟨S⟩ , M^q_{ij} ∼ λ^{H(qjL)+H(qiR)+H(ϕq )}⟨ϕ_q⟩ . (2.14)

The horizontal charges H of the quark and Higgs fields are determined by the physical flavor parameters: |V_{ij}| ∼ λ^{H(qiL)−H(qjL )} , m(q_i) ∼ λ^{H(qiL)+H(qiR)+H(ϕq )}⟨ϕ_q⟩ . (2.15) Using (2.15) we can express the suppression of the relevant Yukawa couplings in terms of the quark masses and mixing angles: |Z^u_{uc}| ∼ m_c|V_{12}| ⟨S⟩ , |Z^u_{cu}| ∼ m_u ⟨S⟩|V_{12}| , |Z^d_{ds}| ∼ m_s|V_{12}| tan β ⟨S⟩ , |Z^d_{sd}| ∼ m_d tan β ⟨S⟩|V_{12}| . (2.16)

These couplings give rise to various operators that induce c → uds at tree level. For the leading contributions, we find G^S_N G_F |V_{cd}V_{us}| ∼ m_cm_s tan β ⟨S⟩^2 m^2_W m^2_S

≲ 5 × 10^{−3} . (2.17)

To obtain the upper bound, we used tan β ≲ 130 and the very conservative bound ⟨S⟩ ∼ m_S > m_W . Other models [6, 35, 36] give a similar or even stronger suppression. We conclude that there are no significant contributions to D^0 → K^+π^− from neutral Higgs exchange within multi-scalar models with approximate flavor symmetries.

2.3 Left-right symmetric models

Left-right symmetric (LRS) models predict new tree-level contributions, mediated by the W_R gauge bosons. The relevant interactions are given by −L_{CC} = g_R √ 2 u_{iR} γ_μV^R_{ij} d_{jR}W^{μ+}_R + h.c. , (2.18)

where V^R is the mixing matrix for the right-handed quarks. For a general model of an extended electroweak gauge group G = SU(2)_L × SU(2)_R × U(1)_{B−L}, the interactions of eq. (2.18) lead to G^{WR}_N G_F |V_{cd}V^∗_{us}| = g^2_R g^2_L m^2_{WL} m^2_{WR} | | | | V^R_{cd} V^{R∗}_{us} V_{cd}V^∗_{us} | | | | . (2.19)

However, in left-right symmetric models, an extra discrete symmetry is imposed. It leads to the relation g_L = g_R and, in models of spontaneous CP violation or of manifest left-right symmetry, to |V_{ij}| = |V^R_{ij} |. Then eq. (2.19) is simplified:

G^{LRS}_N G_F |V_{cd}V^∗_{us}| = m^2_{WL} m^2_{WR} ≲ 1 430 , (2.20)

where the upper bound comes from the Δm_K constraint [37].

In SU(2)_L × SU(2)_R × U(1)_{B−L} models where V and V_R are independent mixing matrices, it is possible to avoid the ΔM_K constraints [38, 39]. This is done by fine tuning the relevant entries in V_R to be very small. In particular, it was shown that in such a framework there could be interesting implications on CP violation in the B system [39]. However, as concerns the D^0 → K^+π^− decay, the situation is different: the same mixing elements that contribute to D^0 → K^+π^−, that is V^R_{cd} V^{R∗}_{us} , contribute also to K − K̄ mixing. If they are switched off, to avoid the Δm_K constraint, the new contribution to D^0 → K^+π^− vanishes as well. One can see that independently of the details of the model by noticing that the G^{WR}_N effective coupling of eq. (2.19) can be combined with the flavor-changing G_F V_{cd}V^∗_{us} coupling of the SM to produce a contribution to K − K̄ mixing. Indeed, one finds for the CP conserving contribution [38]: Re ( G^{WR}_N G_F V_{cd}V^∗_{us} ) ≲ 0.2 , (2.21)

and for the CP violating contribution [39]: Im ( G^{WR}_N G_F V_{cd}V^∗_{us} ) ≲ 0.002 . (2.22)

We learn that in such fine-tuned models, the W_R-mediated contribution to the decay rate could be non-negligible, but the CP violating contribution is very small.

2.4 Extra quarks in SM vector-like representations In models with non-sequential (‘exotic’) quarks, the Z-boson has flavor changing couplings, leading to a Z-mediated contribution to the D^0 → K^+π^− decay. For example, in models with additional up quarks in the vector-like representation (3, 1, +2/3) ⊕ (¯3, 1, −2/3) and additional down quarks in the vector-like representation (3, 1, −1/3) ⊕(¯3, 1, +1/3), the flavor changing Z couplings have the form −L_Z = g 2 cos θ_W ( U^u_{ij} u_{Li}γ_μu_{Lj} − U^d_{ij} d_{Li}γ_μd_{Lj} ) Z^μ + h.c. (2.23)

Here, U^q = V^{q†}_L diag(1, 1, 1, 0) V^q_L , where V^q_L is the 4 × 4 diagonalizing matrix for M_qM^†_q (M_q being the quark mass matrix). The flavor changing couplings are constrained by ΔM_K and ΔM_D:

|U^d_{sd}| ≲ 2 × 10^{−4} , |U^u_{cu}| ≲ 7 × 10^{−4} . (2.24)

The resulting effective four fermi coupling is given by G^Z_N G_F |V_{cd}V_{us}| ≃ |U^d_{sd}U^u_{cu}| |V_{cd}V_{us}| ≲ 3 × 10^{−6} . (2.25)

The same bound applies for the case of vector-like quark doublets, (3, 2, +1/6) ⊕

(¯3, 2, −1/6) . The flavor changing Z couplings are to right-handed quarks, with a mixing matrix U^q = V^{q†}_R diag(0, 0, 0, 1) V^q_R. Here V^q_R is the 4 × 4 diagonalizing matrix for M^†_q M_q.

We learn that a significant contribution to D^0 → K^+π^− from Z-mediated flavor changing interactions is ruled out.

3. Model independent analysis

We have seen that the contributions to D^0 → K^+π^− in various reasonable extensions of the SM cannot compete with the W -mediated process. Still, it would be useful if one could show model-independently that CP violation in decay can be neglected. We try to accomplish this task for all possible tree level contributions to the D^0 → K^+π^− decay. Our analysis proceeds as follows [40]: We first list all relevant (anti)quark bilinears and their transformation properties under the SM gauge group G_{SM} = SU(3)_C × SU(2)_L × U(1)_Y . If the two quarks have the same (opposite) chirality, they couple to a scalar (vector) boson. Altogether there are ten possible bilinears (plus their hermitian conjugates) that are shown in table 1. Here Q denotes the left-handed quark doublet, q = u, d denote the right-handed quark singlets, and the superscript c refers to the respective antiquarks. The examples given in the last column refer to the models discussed in section 2.

In general, the presence of a heavy boson B that couples to any of the above quark bilinears B_{ij} with trilinear couplings λ^B_{ij}, where i, j = 1, 2, 3 refer to the quark flavors, gives rise to the four quark operator B^†_{ij} B_{kl} with the effective coupling G^B_N = C_{CG} λ^B_{ij}^∗λ^B_{kl} 4 √ 2M^2_B

, (3.1)

at energy scales well below the mass M_B. (C_{CG} is the appropriate Clebsch-Gordan coefficient.) For intermediate diquarks, we only discuss color triplets. The discussion of color sextets follows similar lines.

Bilinear B SU(3)_C SU(2)_L Y Couples to Boson B Example Qd^c 1 2^1_2 S ( 1, 2, −^1_2 )~ L (SUSY R̸_p) u^cd^c ¯3 ⊗ ¯3 1 −^1_3 S (¯ 3, 1,^1_3 )~ d^c (SUSY R̸_p) Qu^c 1 2 −^1_2 S ( 1, 2,^1_2 ) H_u (2HDM) QQ 3 ⊗ 3 2 ⊗ 2^1_3 S ( 3, L, −^1_3 ) [L=1,3] ud^c 1 1 1 V(1, 1, −1) W_R (LRS) qq^c 1 1 0 V(1, 1, 0) Qd 3 ⊗ 3 2 −^1_6 V ( 3, 2,^1_6 ) Qu 3 ⊗ 3 2^5_6 V ( 3, 2, −^5_6 ) QQ^c 1 2 ⊗ 2 0 V(1, L, 0) [L=1,3] Z (extra q’s)

Table 1: Quark-(anti)quark bilinears.

In order to predict the rates of the relevant hadronic process one would need to take into account QCD corrections as well as the hadronic matrix elements. Since we are mainly interested in ratios between the rates due to New Physics and those from the SM, using (3.1) is sufficient to obtain an order-of-magnitude estimate for such ratios.

The first entry in table 1 is realized in supersymmetric models without R_p (SUSY R̸_p): S(1, 2, −1/2) is the slepton doublet L̃_k, with λ^{S(1,2,−1/2)}_{ij} = λ^′_{ijk} . As we have pointed out in section 2.1, non-vanishing λ^{S(1,2,−1/2)}_{12} and λ^{S(1,2,−1/2)}_{21} give rise not only to tree-level contributions to D^0 → K^+π^− but also to K^0–K̄^0 mixing, which severely constraints the effective coupling G_N . In this case the bound arises only from the presence of the trilinear couplings and supersymmetry does not play a role. The bound in (2.3) is then model-independent.

The second entry in table 1 is also realized in supersymmetric models without R_p: S(3, 1, 1/3) is the down squark d̃^c_k, with λ^{S(3,1,1/3)}_{ij} = λ^{′′}_{ijk}. For the λ^{′′} coupling, however, the constraint comes from the upper bound on n − n̄ oscillations: to violate baryon number but conserve strangeness or beauty, an internal loop with charginos is required [27]. Supersymmetry does play a role in the bound on λ^{′′}_{113}, and the bound does not hold for a generic λ^{S(3,1,1/3)}_{11} . More generally, there is no strong model-independent bound on any diagonal λ^{S(3,1,1/3)}_{ii} coupling. The bound on the scale of compositeness [30], Λ(qqqq) ≳ 1.6 TeV, suggests a bound for the i = 1 case, |λ^{S(3,1,1/3)} 11 | ≲ 0.2 which implies G^{S(3,1,1/3)}_N ≲ 0.3 G_F (assuming |λ^{S(3,1,1/3)}_{22} | ∼ 1). We learn then that one could construct models which incorporate color-triplet weaksinglet scalars where there is a large CP violating contribution to D^0 → K^+π^−.

The coupling of Qu^c to S(1, 2, 1/2) appears in the two Higgs doublet model with natural flavor conservation, as discussed in section 2.2. In this model, the effective coupling is suppressed by the quark masses and the CKM matrix elements. But also if the doublet S(1, 2, 1/2) is unrelated to the generation of the quarks masses, one can derive a model-independent bound, which only relies on the SU(2)_L symmetry: Non-vanishing λ^{S(1,2,1/2)}

12 and λ^{S(1,2,1/2)}

21 give not only a charged scalar mediated contribution to D^0 → K^+π^−, but also a neutral scalar mediated contribution to D^0–D̄^0 mixing. We are assuming that the New Physics takes place at a scale that is comparable to or higher than the electroweak breaking scale, so that SU(2)_L breaking effects are not large and the masses of the charged and neutral scalars are similar [41]. Consequently, the upper bound on D^0–D̄^0 mixing translates into G^{S(1,2,1/2)12} N = λ^{S(1,2,1/2)} 12 ∗ λ^{S(1,2,1/2)} 21 4 √ 2M^2_{S(1,2,1/2)}

≲ 10^{−7} G_F , (3.2)

too small to compete with the SM contribution.

The coupling of the QQ bilinear to a scalar field could induce D^0 → K^+π^− if the flavor diagonal entries, λ^{S(3,L,−1/3)}_{11} and λ^{S(3,L,−1/3)}_{22} , are non-zero. For an SU(2)_L singlet (L = 1), the coupling is flavor anti-symmetric and therefore λ^{S(3,1,−1/3)}_{ii} = 0. For an SU(2)_L triplet (L = 3), the coupling is flavor symmetric and λ^{S(3,3,−1/3)}_{ii} ≠ 0 is possible. (For scalar SU(3)_C sextets the situation would be reversed.) However, while the Q_{EM} = −1/3 component mediates D^0 → K^+π^−, the Q_{EM} = +2/3 component induces K^0–K̄^0 mixing and the Q_{EM} = −4/3 component induces D^0–D̄^0 mixing. We find: G^{S(3,3,−1/3)12} N = λ^{S(3,3,−1/3)} 11 λ^{S(3,3,−1/3)} 22 4 √ 2M^2_{S(3,3,−1/3)}

≲ 10^{−7} G_F , (3.3)

too small to compete with the SM contribution.

Among the vector bosons listed in table 1 we already encountered specific examples for the color singlets V(1, 1, −1) (W^−_R in LRS models) and V(1, 3, 0) (Z-induced FCNCs due to extra quarks). The discussion we presented in section 2.3 can be generalized to any theory that contains a vector boson V(1, 1, −1) that couples to ud^c as in (2.18). Note that the W_R (being a gauge boson) has flavor diagonal couplings in the flavor basis and only the charged components induce flavor transitions between the mass eigenstates, while the neutral component cannot mediate FCNCs. Still, as we have seen in section 2.3, the contribution from the left-right box diagram to ΔM_K and ϵ_K imposes severe constraints on the D^0 → K^+π^− amplitude due to V(1, 1, −1) exchange and rules out significant CP violation in the decay.

For the generic coupling λ^{V(1,3,0)} we can adopt the specific result obtained in section 2.4. Since the argument based on the bounds from K^0–K̄^0 and D^0–D̄^0 oscillations only used the trilinear couplings (2.23), it can be generalized to the generic couplings λ^{V(1,1,0)}. Because all quark-antiquark bilinears B_{ij} that couple to V(1, 1, 0) are gauge-invariant one can easily see that V(1, 1, 0) exchange induces not only the flavor-conserving effective operator B^†_{ij}B_{ij} but also the flavor-violating operator B_{ij} B_{ij} that gives rise to neutral meson mixing.

For the remaining vector couplings in table 1, the decay D^0 → K^+π^− can be induced, if the flavor diagonal couplings λ^{V(3,2,Y )}_{ii} for both i = 1 and 2 are nonzero. Note that the intermediate vector boson carries color. Since the respective quark bilinears contain one SU(2)_L doublet the effective operator that gives rise to D^0 → K^+π^− is related by an SU(2)_L rotation to an operator that induces K^0–K̄^0 (for V(3, 2, 1/6)) and D^0–D̄^0 (for V(3, 2, −5/6)) oscillations at tree level. Since SU(2)_L breaking effects are small [41], the data from neutral meson mixing imply G^{V(3,2,1/6)}_N ≲ 10^{−7} G_F , and G^{V(3,2,−5/6)}

N ≲ 10^{−6} G_F , ruling out any significant contribution to D^0 → K^+π^−.

4. Conclusions

We have examined well-motivated extensions of the standard model that give new, tree-level contributions to the D^0 → K^+π^− decay. We showed that in all the models that we considered, strong phenomenological constraints imply that these contributions can be safely neglected.

We have extended our discussion to a model-independent analysis of all possible tree level contributions to the decay. We found that there is only one case where a large contribution to D^0 → K^+π^− is possible. This is the case where two righthanded quarks, u^cd^c, couple to an SU(2)_L-singlet scalar, S(¯3, 1, 1/3). Such a coupling is present in SUSY without R_p but in this model the relevant coupling is constrained by n − n̄ oscillations, ruling out a contribution that is comparable to the SM doubly Cabibbo suppressed diagram.

In our analysis, we have implicitly assumed that there are no significant accidental cancellations between various contributions to the processes from which we derive our constraints. It is possible to construct fine-tuned models where there is a large new contribution to D^0 → K^+π^− while the related contributions to flavor changing neutral current processes are small.

We conclude that, in general, the assumption that New Physics effects could affect the D^0 → K^+π^− decay and, in particular, its CP violating part, only through D^0–D̄^0 mixing is a good assumption and it holds to better than one percent in all the reasonable and well-motivated extensions of the standard model that we have examined. One could construct, however, viable (even if unmotivated) models where there is a new, large [O(0.3)] and possibly CP violating contribution to the decay.

Acknowledgments

We thank Zvi Lipkin for asking us the questions that led to this study. Y.N. is supported in part by the United States–Israel Binational Science Foundation (BSF), by the Israel Science Foundation founded by the Israel Academy of Sciences and Humanities, and by the Minerva Foundation (Munich).

References

[1] H.-Y. Cheng, Phys. Rev. D 26 (1982) 143.

[2] E.A. Paschos, B. Stech and U. Türke, Phys. Lett. B 128 (1983) 240.

[3] A. Datta and D. Kumbhakar, Z. Physik C 27 (1985) 515.

[4] L. Wolfenstein, Phys. Lett. B 164 (1985) 160.

[5] J.F. Donoghue, E. Golowich, B.R. Holstein and J. Trampetić, Phys. Rev. D 33 (1986) 179.

[6] T.P. Cheng and M. Sher, Phys. Rev. D 35 (1987) 3484.

[7] P. Colangelo, G. Nardulli and N. Paver, Phys. Lett. B 224 (1990) 71.

[8] H. Georgi, Phys. Lett. B 297 (1992) 353 [hep-ph/9209291].

[9] T. Ohl, G. Ricciardi and E. Simmons, Nucl. Phys. B 403 (1993) 605 [hep-ph/9301212].

[10] S. Pakvasa, Chi. J. Phys. 32 (1994) 1163 [hep-ph/9408270]. [11] T. Kaeding, Phys. Lett. B 357 (1995) 151 [hep-ph/9505393]. [12] A.A. Petrov, Phys. Rev. D 56 (1997) 1685 [hep-ph/9703335].

[13] G. Amoros, F.J. Botella, S. Noguera and J. Portoles, Phys. Lett. B 422 (1998) 265 [hep-ph/9707293].

[14] E. Golowich and A.A. Petrov, Phys. Lett. B 427 (1998) 172 [hep-ph/9802291]. [15] E791 collaboration, Phys. Rev. Lett. 77 (1996) 2384 [hep-ex/9606016]. [16] E791 collaboration, Phys. Rev. D 57 (1998) 13 [hep-ex/9608018]. [17] ALEPH collaboration, Phys. Lett. B 436 (1998) 211 [hep-ex/9811021]. [18] E791 collaboration, Phys. Rev. Lett. 83 (1999) 32 [hep-ex/9903012]. [19] CLEO collaboration, Search for D^0–D̄^0 mixing, hep-ex/9908040. [20] G. Blaylock, A. Seiden and Y. Nir, Phys. Lett. B 355 (1995) 555 [hep-ph/9504306]. [21] L. Wolfenstein, Phys. Rev. Lett. 75 (1995) 2460 [hep-ph/9505285]. [22] A. Le Yaouanc, L. Oliver and J.C. Raynal, Phys. Lett. B 292 (1992) 353. [23] I.I. Bigi and H. Yamamoto, Phys. Lett. B 349 (1995) 363 [hep-ph/9502238]. [24] H.J. Lipkin and Z. Xing, Phys. Lett. B 450 (1999) 405 [hep-ph/9901329]. [25] G. Bhattacharyya, A brief review of R-parity-violating couplings, hep-ph/9709395. [26] B. Brahmachari and P. Roy, Phys. Rev. D 50 (1994) 39 [hep-ph/9403350], erratum ibid. 51 (1995) 3974.

[27] J.L. Goity and M. Sher, Phys. Lett. B 346 (1995) 69 [hep-ph/9412208], erratum ibid.

385 (1996) 500.

[28] Y. Grossman and Z. Ligeti, Phys. Lett. B 332 (1994) 373 [hep-ph/9403376]. [29] Y. Grossman, H.E. Haber and Y. Nir, Phys. Lett. B 357 (1995) 630 [hep-ph/9507213]. [30] Particle Data Group, Eur. Phys. J. C 3 (1998) 1. [31] Y. Grossman, Nucl. Phys. B 426 (1994) 355 [hep-ph/9401311]. [32] V. Barger, J.L. Hewett and R.J.N. Phillips, Phys. Rev. D 41 (1990) 3421.

[33] Y. Grossman and Y. Nir, Phys. Lett. B 313 (1993) 126 [hep-ph/9306292]. [34] M. Leurer, Y. Nir and N. Seiberg, Nucl. Phys. B 398 (1993) 319 [hep-ph/9212278]. [35] A. Antaramian, L.J. Hall and A. Rasin, Phys. Rev. Lett. 69 (1992) 1871 [hep-ph/9206205].

[36] L.J. Hall and S. Weinberg, Phys. Rev. D 48 (1993) 979 [hep-ph/9303241]. [37] G. Beall, M. Bander and A. Soni, Phys. Rev. Lett. 48 (1982) 848. [38] P. Langacker and S.U. Sankar, Phys. Rev. D 40 (1989) 1569. [39] D. London and D. Wyler, Phys. Lett. B 232 (1989) 503.

[40] A similar approach, but for new interactions in the leptonic sector, was used in:

S. Bergmann and Y. Grossman, Phys. Rev. D 59 (1999) 093005 [hep-ph/9809524]. [41] S. Bergmann, Y. Grossman and D.M. Pierce, hep-ph/9909390.