arXiv:hep-ph/0009241 20 Sep 2000

Experimental Puzzles in Heavy Flavor Decays Anomalously high ȷ^0 appearance in charmless strange B decays - Flavor SU(3) breaking in Charm Decays

Harry J. Lipkin^∗

Department of Particle Physics Weizmann Institute of Science, Rehovot 76100, Israel

School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact Sciences, Tel Aviv University, Tel Aviv, Israel

High Energy Physics Division, Argonne National Laboratory, Argonne, IL 60439-4815, USA

harry.lipkin@weizmann.ac.il

Abstract

Simple experimental tests are proposed which can clarify the origin for the anomalously high η^′ appearance in charmless strange final states in B decays and can investigate the the nature of SU(3) symmetry-breaking in weak heavy flavor decays..

∗Supported in part by grant from US-Israel Bi-National Science Foundation and by the U.S. Department of Energy, Division of High Energy Physics, Contract W-31-109-ENG-38.

Most theoretical predictions in heavy flavor physics begin with well defined models and assumptions. When the predictions disagree with experiment, possibly indicating the existence of interesting overlooked physics, it is not clear which of the assumptions underlying the predictions have gone wrong or whether there may be clues to evidence for new physics beyond the standard model. This is particularly relevant to CP violation where the evidence supporting the Kobayashi-Maskawa phase as the explanation is essentially one piece of data fit by one free parameter and any unexpected experimental signals should be thoroughly explored.

We develop an alternative approach to examine two puzzling phenomena where experimental results challenge conventional wisdom: (1) the anomalously high η^′ appearance in charmless strange final state in B decays ; (2) Some apparent violation of SU(3) predictions relating Cabibbo-favored and doubly-forbidden transitions in charm decays. We look for experimental tests which can bring new insight into apparent contradictions and hopefully bring evidence for new physics that may be hidden in the puzzles.

I. THE B ! Kη - B ! Kη^′ PROBLEM

The large experimental branching ratio [1] BR(B^+ → K^+η^′) = 6.5 ± 1.7 × 10^{−5} as compared with BR(B^+ → K^+η) < 1.4 × 10^{−5} and BR(B^+ → K^oπ^+) = 2.3 ± 1.1 × 10^{−5} still has no completely satisfactory explanation and has aroused considerable controversy [2].

A. A parity selection rule can separate two types of models

We note here a clear experimental method to distinguish between two mechanisms proposed to explain this high η^′ appearance and the high η^′/η ratio in charmless strange B decays.

1. Treatments where the enhancement arises from an additional diagram; e.g. the anomaly, gluon couplings to the flavor singlet component of the η^′ or intrinsic charm [3,4]. This diagram is often called an “OZI-forbidden hairpin diagram” and is described by fig. 1 using the flavor-topology description [5]. The enhancement is universal and should appear in all similar final states. In particular, it should be independent of the parity of the final state.

2. Treatments where the enhancement arises from constructive interference between diagrams producing the η^′ via the strange and nonstrange components of the η^′ wave function [5]. The sign of the interference should be constructive only for even parity final states and destructive for odd parity final states; and vice versa for the corresponding interference in the η wave function. One example is the model where the gluonic penguin diagram produces the η and η^′ in charmless strange final states both via the uū (fig.2) (or dd̄) and ss̄ (fig.3) components of these mesons, denoted respectively as η_u and η_s. The two components interfere constructively for the η^′ and destructively for the η in all final states of even parity and vice versa for states of odd parity.

This model predicts a parity selection rule in which the η/η^′ ratio should be large in charmless strange final states of ODD parity and small in states of EVEN parity. This selection rule should be violated in models of type 1 above which introduce some other parityindependent mechanism for explaining the large η^′ enhancement found in the B → Kη^′ decay [3,4]

That these considerations lead to a large η^′/η ratio for the Kη and Kη^′ final states and the reverse for the K^∗(892) η and K^∗ η^′ has been pointed out [2]. This seems to agree with experiment, although so far the K^∗ η has been seen and the K^∗ η^′ has not.

Note that the simple tree diagrams (figs. 4 and 5) can produce the η and η^′ only via their nonstrange components. These contributions are eexpected to be relatively small and in any case cannot contribute to a large η^′/η ratio since these diagrams contribute roughly equally to both final states.

B. Experimental consequences of the Parity Selection Rules

We now note some further experimental consequences of this parity rule which can be checked possibly with already available data.

1. The Kπη and Kπη^′ states all have odd parity, even when the Kπ is not in a K^∗.

Therefore the selection rule predicts that the Kπη should be much stronger than Kπη^′ when summed over all final states. Using the better statistics obtainable by summing over all charged and neutral B decays. one may get a clear test between the two models. A strong enhancement of the η over the η^′ would provide strong evidence against models that produce the η^′ via the SU(3) singlet component; e,g, gluons, anomaly or intrinsic charm.

2. An appreciable inclusive signal for B → Kη^′X has been reported. A measurement of the spectrum of the “missing mass” M_X can check the validity of the parity selection rule, which requires M_X to be at least two pion masses. Confirmation of this selection rule would also simplfy the partial wave data analysis by ruling out large contributions from resonances with large Kπ decay modes without needing any complicated fits to mass plots; e.g. the scalar K_o(1430)−(93%−Kπ) , the tensor K_2(1430)−(50%−Kπ) and higher respnances like K^∗(1680) − (39% − Kπ).

3. The measurement of the TRANSVERSITY in the final states ηρK, η^′ρK, ηπK^∗(892) and η^′πK^∗(892) gives an unambiguous signal for the PARITY of the final state (whether it is 0^+ or 0^−) independent of the quantum numbers of the Kππ state recoiling against the η or η^′. This is the measurement of the polarization of the vector meson in its rest frame with respect to an axis normal to the VPP plane [6]

4. An η or η^′ recoiling against a K^∗ resonance with NATURAL parity (even P for even J and odd P for odd J) has odd parity and should give a final state favoring the η over the η^′ . The opposite is true for a recoil against a state with UNNATURAL parity. the K and K^∗(892) states are special cases of this prediction.

5. One should look for Kη and Kη^′ resonances in the states KηX and Kη^′X. Here the even parity resonances should favor the η^′ and the odd parity resonances favor the η.

C. Possible new physics and CP violation

If the parity selection rule is violated, there is always a possibility that it is due to new physics that can produce CP violation. One simple test of any far-out idea for direct CPviolation is to compare corresponding B^+ and B^− decays and look for a difference. Since a number of decays to final states containing the η^′ seem to be enhanced considerably beyond what is expected from conventional models, it would seem reasonable and cheap to check for direct CP violation in such cases. Other cases of anomalously large decays to η^′ final states which might merit special investigation include D_s → πη^′ and D_s → ρη^′.

II. EXPERIMENTAL PUZZLES IN DOUBLY-CABIBBO SUPPRESSED CHARM DECAYS

Cabibbo-favored and doubly-cabibbo suppressed charm decays have been noted to go into one another [7,8] under an SU(3) transformation which interchanges d and s flavors everywhere, This transformation is a subgroup of SU(3) sometimes called a Weyl reflection or a U-spin reflection.

d ↔ s; K^+ ↔ π^+; K^− ↔ π^−; D^+ ↔ D_s (2.1)

Two aspects of this relation which suggest interesting implications of any symmetry breaking are relevant here.

(1) Experimental tests of the magnitude of SU(3) breaking will be relevant in the interpretation of information about the CKM matrix and the unitarity triangle obtained from. standard model analyses of weak decays which assume SU(3) symmetry.

(2) In the standard model the Cabibbo-favored and doubly-suppressed charm decays are proportional to the same combinations of CKM matrix elements and no direct CP violation can be observed. Thus any evidence for new physics that can introduce a CP-violating phase between these to amplitudes deserves serious consideration [7].

A. Relations between Cabibbo-Favored and Doubly-Cabibbo Suppressed D^o decays .

Wolfenstein [8] has noted that the D^o(cū) which contains no d nor s quarks is invariant under this d − s-interchange SU(3) transformation (2.1) and that under this transformation the K^+π^− and K^−π^+ decay modes go into one another as seen in figs. 6 and 7. Thus SU(3) predicts that the doubly-Cabibbo-suppressed and Cabibbo-favored decays to these final states should have the same strong phases.

A recent analysis of the two-pseudoscalar decay modes of the neutral D mesons [9] suggests that the phases are not the same. But the K^+π^− and K^−π^+ final states are charge conjugates of one another. Thus a strong phase difference cannot be introduced by any K −π final state rescattering mechanism that conserves charge conjugation; e.g. Regge exchange models [10–14], even if SU(3) is broken. SU(3) can be broken in strong interactions without breaking charge conjugation only in the hadronization transition from the quark level to the hadron level.

D^o(cū) → (sud̄)ū → (sū → K^{∗−})_S · (ud̄ → M^+)_W → K^{∗−}M^+ → K^−π^+ (2.2)

D^o(cū) → (dus̄)ū → (dū → M^−)_S · (us̄ → K^{∗+})_W → M^−K^{∗+} → π^−K^+ (2.3)

where K^{∗±} can denote a kaon or any K^∗ resonance and M^± can denote a pion or any charged meson resonance, and the subscripts S nd W denote strong and weak form factors. The quark-antiquark pair created from the the weak vertex is expected to hadronize with a weak pointlike form factor and the pair including the spectator is expected to hadronize with a hadronic form factor.

It is also of interest to examine corresponding D decays with other charges

D^o(cū) → (sud̄)ū → (uū → M^o)_S · (sd̄ → K̄^o)_W → K̄^oM^o → K̄^oπ^o → K_S π^o (2.4)

D^o(cū) → (dus̄)ū → (uū → M^o)_S · (ds̄ → K^o)_W → K^oM^o → K^oπ^o → K_S π^o (2.5)

D^+(cd̄) → (sud̄)d̄ → (sd̄ → K̄^o)_S · (ud̄ → M^+)_W → K̄^oM^+ → K̄^oπ+ → K_S π^+ (2.6)

D^+(cd̄) → (dus̄)d̄ → (ds̄ → K^o)_S · (ud̄ → M^+)_W → K^oM^+ → K^oπ^+ → K_S π^+ (2.7)

Where we note that the cabibbo-favored and doubly-suppressed amplitudes leading to final states with neutral kaons can interfere when the kaons are detected as K_S . This is of particular interest if there is any CP-violating new physics contribution.

The entire cascade of transitions (2.2) goes into (2.3) under the SU(3) s ↔ d transformation, and all the purely hadronic transitions also under charge conjugation. Therefore the only strong interaction mechanisms which can break SU(3) without breaking charge conjugation must occur at the quark level and involve the differences between strange and nonstrange weak and strong form factors.

For the case where the two quark-antiquark pairs hadronize directly into the K^+π^− and K^−π^+ final states the only SU(3) breaking effect beyond the CKM matrix elements is the weak form factor which intoduces a factor of f_π into the transition (2.2) and a factor of f_K into (2.3). This can change the relative magnitudes of the two amplitudes but does not easily introduce a phase difference. The strong form factors involve overlap integrals between different ground state s-waves and cannot easily introduce a phase.

We are then led to look for transitions where the two quark-antiquark pairs hadronize first into another intermediate state and then scatter by C-invariant strong interactions into the K^+π^− and K^−π^+ final states. Leading candidates are the Cabibbo allowed decay modes K^−a_1(1260)^+ and K^∗(892)^− ρ^+ observed experimentally with higher branching ratios than K^−π^+.

BR[D^o → K^−a_1(1260)^+] = 7.3 ± 1.1%; BR[D^o → K^∗(892)^−ρ^+] = 6.1 ± 2.4% (2.8)

BR[D^o → K̄^oa_1(1260)^o] < 1.9%; BR(D^o → K^−π^+) = 3.83 ± 0.09%. (2.9)

The correspondinng doubly-Cabibbo-suppressed decay modes are therefore predicted by SU(3) to have higher branching ratios than the observed DCSD D^o → K^+π^−. Furthermore, since they are both positive parity states, like K^−π^+, all three states are coupled together by final state rescattering. Since the a_1 and the pion have very different wave functions and are not related at all in the SU(3) limit, one might expect a difference both in magnitude and phase between the transitions

D^o(cū) → (sud̄)ū → (sū → K^−)_S · (ud̄ → a^+_1 )_W → K^−a^+_1 → K^−π^+ (2.10)

D^o(cū) → (dus̄)ū → (dū → a^−_1 )_S · (us̄ → K^+)_W → a^−_1 K^+ → π^−K^+ (2.11)

The suggestion of a large difference is reinforced by noting the large difference between the experimental branching ratios for the charged final state (2.8) and the neutral (2.9) for which the transition is described as

D^o(cū) → (sud̄)ū → (uū → a^o_1)_S · (sd̄ → K̄^o)_W → K̄^oa^o_1 → K̄^oπ^o (2.12)

The data seem to indicate that the product of a weak axial form factor and a strong kaon form factor is very different from the reverse product. This is also expected in any model which uses factorization for the weak transition. The data for all D and B decays indicate that decays to final states containing the charged a_1 are consistently much stronger than decays to final states in the same isospin multiplet containing the neutral a_1. The data systematics seem to suggest a kind of “vector dominance” model in which D and B decays to quasi-two-body final states are dominated by diagrams in which a charged W boson turns into a charged pseudoscalar, vector or axial-vector meaon. However, better data are needed to clarify this issue.

We now note that the rescatterings K^−a^+_1 → K^−π^+ and K^−a^+_1 → K̄^oπ^o can proceed by the same ρ exchange mechanism that has been used in the Regge exchange models [10–14] for K − π final state rescattering. Since the strong ρπa_1 coupling is comparable to ρππ it seems natural to extend these models to include the the K^−a^+_1 → K̄π transition in addition to the K − π elastic and charge exchange scattering.

Since the charged D decays (2.6) go to I=3/2 final states which are exotic and have no resonances, it might be a reasonable first approximation to neglect final state interactions for these decays and use the relations (2.6) for different intermediate states M^+ to obtain the ratio of the weak form factors between these different states..

It is also of interest to look for further tests of the same SU(3) symmetry in relations between branching ratios of neutral D decays into the final states which are equally strong and coupled by final state interactions. In the SU(3) limit these decays satisfy the relations.

BR(D^o → K^+π^−) BR(D^o → K^−π^+) = BR[D^o → K^+a_1(1260)^− ] BR[D^o → K^−a_1(1260)^+] = BR[D^o → K^∗(892)^+ρ^−] BR[D^o → K^∗(892)^−ρ^+]

= tan^4θ_c (2.13)

These relations should be easily tested and provide useful insight on the breaking of SU(3) in final state interactions. They involve no phases and only branching ratios of decay modes all expected to be comparable to the observed DCSD D^o → K^+π^−.

However, if the SU(3) breaking is really due to the difference between products of weak axial and strong kaon form factors and vice versa, the relations (2.13) can be expected to be strongly broken and replaced by the inequality

BR[D^o → K^−a_1(1260)^+] BR(D^o → K^−π^+) ≫ BR[D^o → K^+a_1(1260)^− ] BR(D^o → K^+π^−)

(2.14)

B. Relations between D^+ and D_s decays

We now note an interesting combination of SU(3) relations [7] between Cabibbo-favored D^+ decays and doubly-Cabibbo-forbidden D_s decays and vice versa. All the obvious SU(3) breaking effects seem to cancel in this relation and the result is an unambiguous number which is either right or wrong.

Consider the ratio of branching ratios

BR(D_s → K^+K^+π^−) BR(D_s → K^+K^−π^+)

≈ O(tan^4θ_c) (2.15)

and also the ratio BR(D^+ → K^+π^+π^−) BR(D^+ → K^−π^+π^+) = 6.8 ± 1.5 × 10^{−4} 9.0 ± 0.6%

≈ O(tan^4θ_c) (2.16)

where we have inserted the experimental data for the D^+ decays [1].

Both of these are ratios of a doubly Cabibbo forbidden decay to an allowed decay and should be of order tan^4θ_c. The SU(3) transformation (2.1) takes the two ratios (2.15) and (2.16) into the reciprocals of one another. If strong interaction final state interactions conserve SU(3) the only SU(3) breaking occurs in the CKM matrix elements and the product of these two ratios should be EXACTLY tan^8 θ_c.

BR(D_s → K^+K^+π^−) BR(D_s → K^+K^−π^+) · BR(D^+ → K^+π^+π^−) BR(D^+ → K^−π^+π^+)

= tan^8θ_c (2.17)

This includes all SU(3) symmetric final state interactions. Thus if one of these ratios is enhanced above tan^4θ_c as seems to be the case, the other should be suppressed by the same factor, which is already interesting. This relation is seen to have the desirable feature that that most of the obvious SU(3)-symmetry-breaking factors in the individual SU(3) relations between the nummerator of one ratio and the denominator of the other seem to cancel out in this product; e.g. phase space.

This result can also be obtained from eq. (3) of ref. [7] and assuming that the neutral Kπ combinations all come from K^∗’s. We see here that the K^∗ assumption is unnecesary.

Present data [1] show BR(D^+ → K^+π^−π^+)/BR(D^+ → K^−π^+π^+) is about 0.65% or about 3 × tan^4θ_c. This enhancement of the doubly-Cabbibo-forbidden transition for the D^+ decay by a factor of 3 over the CKM matrix factor is normally explained away by final state interactions. But if these final state interactions obey SU(3), the relation (2.17) requires the doubly-Cabbibo-forbidden transition to be suppressed by a factor of 3 for the D_s decay.

BR(D_s → K^+K^+π^−)/BR(D_s+ → K^+K^−π^+) should be about (1/3) × tan^4θ_c or about 0.07%. The effects of the final-state interactions would differ by about an order of magnitude between D^+ and D_s decays.

If on the other hand the D_s decays behave similarly to the D^+ decays, the large violation of SU(3) will need some explanation. One possibility is always that there may be new physics enhancing the doubly suppressed decays. These might produce a CP violation which could show up by looking for a charge asymmetry in the products of above the two ratios; i.e between the values for D^+ and D_s decays and for D^− and D̄_s decays.

Furthermore, any really large SU(3)-breaking final state interactions that we don’t understand must cast serious doubts on many all analyses and predictions for heavy-flavor decays which use SU(3) and neglect the possibility of such final state interactions.

One interesting possibilty might be the enhancement of the “non-exotic” final states by the presence of hadronic meson resonances at the D and D_s masses. These could explain the enhancement of the doubly-forbidden D^+ decay and preserve the SU(3) relation by similarly enhancing the allowed D_s decay. The doubly-forbidden D_s decay and the allowed D^+ decay lead to states having exotic quantum numbers which have no resonances.

An obvious caveat to this analysis is the almost trivial SU(3) breaking arising from resonances in the final states. But with sufficient data and Dalitz plots it should be possible to take these resonances into account or look at domains in the Dalitz plots where they do not appear in order to pinpoint possible sources of SU(3) breaking.

In any case the SU(3) relation (2.17) and its possible violations raise interesting questions which deserve further theoretical and experimental investigation.

III. ACKNOWLEDGMENTS

It is a pleasure to thank Edmond Berger, Sven Bergmann, Karl Berkelman, John Cumalat, Yuval Grossman, Zoltan Ligeti, Yosef Nir and J. G. Smith for helpful discussions and comments,

REFERENCES

[1] Particle Data Group, Eur. Phys. J. C 15 (2000) 1 [2] Harry J. Lipkin,hep-ph/9708253 In In Proc. of the 2nd Intern. Conf. on B Physics and CP Violation, Honolulu, Hi, U.S.A., 24-27 mar 1997, editors T. E. Browder, F. A. Harris and S. Pakvasa, World Scientific, 1998, p.436.

[3] Igor Halperin and Ariel Zhitnitsky, hep-ph/9705251 [4] D. Atwood and A. Soni, Phys. Lett. B405 (1997) 150 [5] Harry J. Lipkin, hep-ph/9708253, Physics Letters B433 (1998) 117 [6] H.J. Lipkin, Getting the Maximum Information from B-Decays into CP Eigenstates, in Proceedings of the SLAC Workshop on Physics and Detector Issues for a High- Luminosity Asymmetric B Factory, edited by David Hitlin, Published as SLAC, LBL and Caltech reports SLAC-373, LBL-30097 and CALT-68-1697, p. 49 [7] Harry J. Lipkin and Zhi-zhong Xing, Physics Letters B450 (1999) 405 [8] L. Wolfenstein, Phys. Rev. Lett. 75 (1995) 2460 [9] S. Bergmann, Y.Grossman, Z. Ligeti, Y.Nir and A.A.Petrov, Phys.Lett. B486 (2000) 418; hep - ph/0005181 [10] J.-M. Gérard and J. Weyers, hep-ph/9711469, Eur.Phys.J. C7 (1999) 1. [11] J.F. Donoghue et al., Phys. Rev. Lett. 77, (1996) 2178 . [12] B. Blok and I. Halperin, Phys. Lett. B385, (1996) 324 .

[13] J.F. Donoghue, E. Golowich, and A.A. Petrov, Phys. Rev. D55, (1997) 2657 . [14] Adam F. Falk et al. hep-ph/9712225, Phys.Rev. D57 (1998) 4290

FIGURES

......................

...................... ........................

........................

........................

........................

........................

........................

........

............

.........

............

........

............

.........

............

.. ...................................

...........

..........

b

u s u

q q

) K^−(⃗k) ) η_1(−⃗k) G

....... ....... ....... ....... ....... ....... ....... ....... ....... .. .......

.......

.......

.......

.......

.......

.......

.......

....... ..

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 1.

Forbidden “gluonic hairpin” diagram. G denotes any number of gluons.

......................

...................... .........................

........................

.......................

........................

........................

........................

........

............

.........

...........

.........

............

.........

........... .. ..........

..........

...........

..........

..........

..........

b

u s u

u u

) K^−(⃗k) ) η_u(−⃗k) G . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 2.

Strong uū pair creation. G denotes any number of gluons.

......................

...................... ........................

........................

........................

.........................

........................

........................

........

..........

..........

..........

..........

..........

..........

.......... ... ...........

..........

..........

..........

..........

..........

b

u s s

s u

) η_s(⃗k) ) K^−(−⃗k) G . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 3.

Strong ss̄ pair creation. G denotes any number of gluons.

A[η_s(⃗k)K^−(−⃗k)] = A[η_u(−⃗k)K^−(⃗k)] = P · A[η_u(⃗k)K^−(−⃗k)]

......................

......................

........................

........................

........................ ........................

.........................

........................

..........................................

..........

...........

................................... b

u s u

u u

) K^−(⃗k) ) η_u(−⃗k)

W . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 4.

Color favored tree diagram.

......................

...................... .........................

........................

........................

........................

........................

........................

..........................................

..........

..........

...........

..........

..........

..........

b

u u u

s u

) η_u(⃗k) ) K^−(−⃗k) W . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 5.

Color suppressed tree diagram.

A[η^′(⃗k)K^−(−⃗k)] A[η(⃗k)K^−(−⃗k)] = ⟨η_u |η^′⟩ ⟨η_u |η⟩

......................

......................

........................

.......................

........................ .......................

........................

........................

..........................................

..........

...........

................................... c

u d u

s u

) Weak → M^+ ) Strong → K^−

W . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 6.

Color favored Cabibbo favored diagram.

......................

......................

........................

........................

........................ ........................

........................

........................

..........................................

..........

..........

.................................... c

u s u

d u

) Weak → K^+ ) Strong → M^−

W . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

FIG. 7.

Color favored Cabibbo Doubly-Suppressed diagram.