Frascati Physics Series Vol. XXXVI (2004), pp.

DAΦNE 2004: Physics at meson factories – Frascati, June 7-11 , 2004 Selected Contribution in Plenary Session

ON EXPECTED VALUE OF CP EFFECTS IN DECAY OF CHARGED KAONS INTO 3 PIONS

E. Shabalin Institute for Theoretical and Experimental Physics, Moscow, Russia

ABSTRACT

The amplitudes of the K^± → 3π and K → 2π decays are expressed in terms of different combinations of one and the same set of CP-conserving and CP-odd parameters. Extracting the magnitudes of these parameters from the data on K → 2π decays, we estimate an expected CP-odd difference between the values of the slope parameters g^+ and g^− of the energy distributions of ”odd” pions in K^+ → π^+π^+π^− and K^− → π^−π^−π^+ decays.

1 Introduction

The observation of CP effects in K^± → 3π decays would allow to understand better how the mechanisms of CP violation work.

Now the Collaboration NA48/2 began a search for such effect with accuracy δ(^{g+ −g−}

g^+ +g^− ) ≤ 2 × 10 −4.

Contrary to the case of K_L → 2π decay, where CP violates both in ΔS = 2 and ΔS = 1 transitions, in the K^± → 3π decays, only the last (the so-called ”direct” ) CP violation takes place. Experimentally, an existence of the direct CP violation in K_L → 2π decays, predicted by Standard Model (SM) and characterized by the parameter ε^′, is established: ε^′/ε = (1.66 ± 0.16) × 10^{−3}.

What is expected for CP effects in K^+ → π^±π^±π^∓ decay? To give an answer, it is necessary to understand the role of the electroweak penguin (EWP) operators in both decays and get rid of the large uncertainties usual for the theoretical calculations. The real scale of these uncertainties is characterized by the following predictions obtained before the above experimental result:

ε^′

ε = (17^{+14}_{−10}) × 10^{−4} 1),^{ε′}_ε = (1.5 ÷ 31.6) × 10^{−4} 2).

To avoid the uncertainties arising in the theoretical calculation of the ingredients of the theory, we use the following procedure. We express the amplitudes of K → 2π and K^± → 3π decays in terms of one and the same set of parameters, and calculating g^+ − g^−, we use the magnitudes of these parameters extracted from data on K → 2π decays.

2 The scheme of calculation

A theory of ΔS = 1 non-leptonic decays is based on the effective Lagrangian 3)

L(ΔS = 1) = √ 2G_F sin θ_C cos θ_C ∑ i c_iO_i , (1)

where O_{1−6} are the 4-quark operators represented in 3) and O_{7−8} are the 4-quark operators generated by electroweak penguin (EWP) diagrams

O_7 = 3 2 s̄γ_μ(1 + γ_5)d( ∑ q=u,d,s

e_qq̄γ_μ(1 − γ_5)q) (ΔI = 1/2, 3/2); (2)

O_8 = −12 ∑ q=u,d,s

e_q(s̄_Lq_R)(q̄_Rd_L), e_q = ( 2 3 , − 1 3 , − 1 3 ) (ΔI = 1/2, 3/2). (3)

Representing M(K → 2π) in the form

M(K^0_1 → π^+π^−) = A_0e^{iδ0} − A_2e^{iδ2} , (4) M(K^0_1 → π^0π^0) = A_0e^{iδ0} + 2A_2e^{iδ2} , (5)

M(K^+ → π^+π^0) = − 3 2 A_2e^{iδ2} , (6) and using the relations expressing the diquark operators in terms of pseudoscalar fields 4) we find

A_0 = G_FF_π sin θ_C cos θ_C m^2_K − m^2_π √ 2 [c_1 − c_2 − c_3 + 32 9 β(Rec̃_5 + iImc̃_5)]; (7)

A_2 = G_FF_π sin θ_C cos θ_C m^2_K − m^2_π √ 2 · [c_4 + i 2 3 βΛ^2Imc̃_7(m^2_K − m^2_π)^{−1}] (8)

where

c̃_5 = c_5 + 3 16 c_6, c̃_7 = c_7 + 3c_8, β =

2m^4_π Λ^2(m_u + m_d)^2

, Λ ≈ 1 GeV

The contributions from c̃_7O_7 into ReA_0 and ImA_0 are small because c̃_7/c̃_5 is proportional to the electromagnetic constant α and we neglected these corrections. From data on widths of K → 2π decays we obtain

c_4 = 0.328; c_1 − c_2 − c_3 + 32 9 βRec̃_5 = −10.13. (9)

At c_1 − c_2 − c_3 = −2.89 3, 5) we obtain 32 9 βRec̃_5 = −7.24. (10)

Using the general relation

ε^′ = ie^{i(δ2 −δ0)} [ − ImA_0 ReA_0 + ImA_2 ReA_2 ] · | A_2 A_0

| (11)

and the experimental value |ε^′| = (3.78 ± 0.38) × 10^{−6}, we come to the relation − Imc̃_5 Rec̃_5 ( 1 − Ω_{η,η}′ + 24.36

Imc̃_7 Imc̃_5 ) = (1.63 ± 0.16) × 10^{−4}, (12)

where Ω_{η,η}′ takes into account the effects of K^0 → π^0η(η^′) → π^0π^0 transitions.

Introducing the notations − Imc̃_5 Rec̃_5 = x Imλ_t s_1 , 24.36 1 − Ω_{η,η}′ · Imc̃_7 Imc̃_5

= −y (13)

and using 6)

(Imλ_t)/s_1 ≈ s_2s_3 sin δ =

(1.2 ± 0.2) × 10^{−4} 0.223

, (14) we can write Eq.(11) for Ω_{η,η}′ = 0.25 ± 0.08 in the form

x(1 − y) = 0.40 × (1 ± 0.22). (15)

In the last two equations s_i and δ are the parameters of CKM matrix. The Eq.(15) depends on the variables x and y representing the contribution of QCD penguin and relative contribution of EWP, respectively. To move farther, we are enforced to apply to existing theoretical estimates of one of these variables.

In terms of notations in 7, 8, 9) y = Π_2 ω /Π_0(1 − Ω_{η,η}′ ). (16)

According to 7), y ≈ 0.3 and hence x = 0.57 ± 0.12. But ε^′/ε = 2.2 · 10^{−3} or by 30% is larger than the experimental value . In 9), the central value of y is y ≈ 0.5 and, consequently, x = 0.80 ± 0.18. From 10) x = 0.71 ± 0.27; from 11) x = 1.4 ± 0.28; from 12) x = 2; from 13) x = 2.8; from 14) x = 5.5. Such difference of the theoretical estimates of x makes very desirable an investigation of CP-effects in K^± → π^±π^±π^∓ decays, where, contrary to K_L → 2π decays, the EWP contributions increase CP effects .

3 Decay K^± → π^±π^±π^∓

The slope parameters g^+ and g^− are defined by the relation

|M(K^±(k) → π^±(p_1)π^±(p_2)π^∓(p_3))|^2 ∼ [1 + g^±Y + ...], Y = (s_3 − s_0)/m^2_π, (17) where s_3 = (k − p_3)^2 and s_0 = m^2_K /3 + m^2_π. Our calculations give 15):

R_g ≡ g^+ − g^− g^+ + g^− = a(b_{KM} − a_{KM} ) 1 + ab

(18)

where a_{KM} and b_{KM} are induced by the Kobayashi-Maskawa phase:

a_{KM} = [ 32 9 βImc̃_5 + 4βImc̃_7 ( 3Λ^2 2m^2_K + 2 )] /c_0, (19)

b_{KM} = [ 32 9 βImc̃_5 + 8βImc̃_7 ] /(c_0 + 9c_4). (20)

c_0 = c_1 − c_2 − c_3 − c_4 + 32 9 βRec̃_5 = −10.46. (21)

The quantities a and b are the CP-even imaginary parts produced by rescattering of the pions (see 15)). To leading order a = 0.121, b = 0.714. At the fixed above numerical values of the parameters and Ω_{η,η}′ = 0.25 we obtain to leading p^2 approximation

R_g = 0.030

Imc̃_5 Rec̃_5

(1−14.9

Imc̃_7 Imc̃_5

) = = −(2.44±0.44)×10^{−5}x ( 1 − 0.13 ± 0.03 x ) . (22) The higher-order corrections lead to 20% larger result

(R_g)_{corr} = 0.039 Im^{c̃5}Re_{c̃5} ( 1 − 11.95 Im^{c̃7}Im_{c̃5} ) = = −(3.0 ± 0.5) × 10^{−5}x ( 1 −^{0.11±0.025}_x ) . (23)

Therefore, the corrections to the result obtained in the framework of conventional chiral theory to the leading approximation are not so large, as it was declared in 16).

4 Conclusion

From Eqs.(11), (15) and (23), it follows that EWP contributions diminish ε^′/ε and increase R_g . The EWP corrections cancel one half of the QCD penguin contribution into ε^′/ε at x = 0.8 and cancel 80% of QCD penguin contribution at x = 2. In both cases ε^′/ε is the same.

In the case of K^± → 3π decays, the direct influence of EWP corrections themselves on CP effects is not so crucial as in K_L → 2π decays. But if a cancellation between the contribution of QCD and electroweak penguins in ε^′/ε is large, the factor x in Eq.(23) is also larger than 1. So, for x = 2 , the predicted R_g must be 2.5 times larger than at x = 0.8.

Therefore, measuring R_g , one obtains a possibility to determine the true relation between QCD and EWP contributions into CP violation in kaon decays.

References 1. S.Bertolini et al., Nucl.Phys.B 514, 93 (1998). 2. T.Hambye et al., Nucl.Phys.B 564, 391 (2000).

3. M.A.Shifman, A.I.Vainshtein and V.I.Zakharov, Zh.Eksp.i Teor.Fiz. 72, 1277 (1977).

4. W.A.Bardeen, A.J.Buras and J.-M.Gerard, Nucl.Phys.B 293, 787 (1987). 5. L.B.Okun, Leptons and Quarks (North-Holland Publ.Co. 1982) pp.315,323. 6. A.Ali and D.London , Eur.Phys.J. C 18, 665 (2001).

7. S.Bertolini, J.O.Eeg and M.Fabbrichesi, Phys.Rev. D 63, 056009 (2001). 8. A.J.Buras and J.-M.Gerard, Phys. Lett. B 517, 129 (2001). 9. T.Hambye, S.Peris and E.de Rafael, hep-ph/0305104 v. 2. 10. J.F.Donoghue and E.Golovich, Phys.Lett. B 478, 172 (2000). 11. M.B.Voloshin, preprint ITEP-22. (Moscow 1981). 12. S.Bertolini et al., preprint SISSA 102/95/EP.

13. A.J.Buras, M.Jamin and M.Lautenbacher, Nucl.Phys.B 408, 209 (1993). 14. S.Bertolini, J.O.Eeg and M.Fabbrichesi, Nucl.Phys. B 449, 197 (1995). 15. E.P.Shabalin, hep-ph/040522x9 v.1 16. A.A.Bel’kov et al., Phys.Lett.B 300, 283, (1993).