arXiv:0908.3216v1 [hep-ph] 21 Aug 2009

B → Kπ Puzzle and New Sources of CP Violation in Supersymmetry

S. Khalil,^{1, 2} A. Masiero,^3 and H. Murayama^{4, 5} 1Centre for Theoretical Physics, The British University in Egypt, El Sherouk City, Postal No. 11837, P.O. Box 43, Egypt.

2Department of Mathematics, Ain Shams University, Faculty of Science, Cairo, 11566, Egypt. 3Univ. of Padua, Phys. Dept.”G. Galilei” and INFN, Section of Padua, Via Marzolo 8, I-35131, Padua, Italy. 4Institute for the Physics and Mathematics of the Universe, University of Tokyo, Kashiwa, Chiba 277-8568, Japan.

5Department of Physics, University of California, Berkeley, CA 94720, USA. (Dated: August 25, 2009)

The difference between the CP asymmetries of the B^0 → K^+π^− and B^+ → K^+π^0 decays has been recently confirmed with an evidence larger than 5σ’s. We discuss it as a possible signal of new physics associated with new (large) CP violation in the electroweak penguin contributions. We propose a supersymmetry breaking scheme where such new sources of CP violation occur in the flavor non-universal trilinear scalar couplings.

PACS numbers:

Establishing that the simple CKM pattern of the Standard Model (SM), with its single CP violating phase, correctly accounts for the vast and complex realm of hadronic flavor phenomena represents a stunning milestone in our endeavor to understand fundamental interactions. Yet, there exists a few sources of tension between experimental data and SM predictions in B physics [30], in particular, but not exclusively, related to CP asymmetries in b → s transitions (see [1, 2, 3, 4] and for update [5]). Here we focus our attention on the socalled ”B → Kπ Puzzle”. The recent Belle and Babar Collaborations updates [7] on the CP asymmetry in the decays B^0 → K^+π^− ( together with the consistent CDF data) and B^+ → K^+π^0,

A_{CP} (B^0 → K^+π^−) = −9.7 ± 1.2%, (1) A_{CP} (B^+ → K^+π^0) = +5.0 ± 2.5%, (2)

confirm the existence of a non-vanishing difference between the two CP asymmetries beyond 5σ [8]:

A_{CP} (B^0 → K^+π^−) − A_{CP} (B^+ → K^+π^0) = (14.7 ± 2.7)% (3)

In the SM with naive factorization these two asymmetries are essentially equal. On the other hand, one expects that the ”improved” BBNS QCD factorization [9] (QCDF) with appropriate 1/m_b corrections ( accounting for unknown final state interactions) [10] may (even largely) modify such naive expectation. However, even allowing for a considerable freedom in choosing such corrections, QCDF fails to reproduce the above experimental difference by several σ’s [11, 12]. Also alternative approaches to QCDF, namely perturbative QCD (PQCD)[13] and Soft Collinear Effective Theory (SCET) [14], are in trouble to satisfactorily reproduce the result in Eq.3. Only fitting to the experimental data arbitrary contributions corresponding to subleading terms in the power expansion, can one overcome the B → Kπ puzzle; this latter approach, known as General Parametrization [4, 15], gives up searching for a specific dynamics. Notice that whenever dynamical assumptions are made, discrepancies between theory and experiment in the B → Kπ CP asymmetries arise [16].

Hence, even with all the caution needed in interpreting results related to CP asymmetries in purely hadronic exclusive B decays [4, 17], one can certainly entertain the possibility that B → Kπ puzzle hints at some physics beyond the SM with new sources of CP violation in addition to the CKM phase [18, 19].

As said above, it is true that the B → Kπ puzzle is not the only potential hint for new physics that emerges from rare B decays. Some tension among values of the parameter sin2β which are extracted in different ways from the data has been persisting for some time now and, more recently, a possible evidence for new physics in the CP violating b → ψϕ decay has been pointed out [1]. However, the anomaly in the CP asymmetries of the two isospin-related B decay channels in Eq.2 looks peculiarly interesting for the following aspect. The B decay amplitudes into K^+π^− and K^+π^0 differ only by the subleading terms given by the color-suppressed tree contribution (C) and the electroweak penguins (P_{EW} ). While a resolution of the B → Kπ puzzle through an enhancement of the C amplitude is unviable [19], prospects look more appealing if one tries to invoke a large CP violation from P_{EW} [19, 20].

On the other hand, P_{EW} is essentially real within the SM and has a strong phase very close to the color-allowed tree amplitude (T ) [21]. Hence, making use of P_{EW} for the resolution of the B → Kπ puzzle entails the presence of new physics beyond the SM with the presence of new sources of CP violation leaking into the electroweak penguins. Indeed, we emphasize that what is actually crucial to overcome the ”B → Kπ puzzle” is that P_{EW} exhibits a large CP violation, but otherwise the new physics electroweak penguins need not be strongly enhanced with respect to the SM ones. This latter observation plays a major role when one tries to account for the experimental result in Eq. (3) invoking new physics while respecting the vast set of data in rare B physics which represent a stunning confirmation of the SM flavor paradigm encoded in the CKM matrix.

Here we address the above issue in the context of supersymmetric (SUSY) extensions of the SM. If SUSY appears in a context where flavor physics is still fully accounted for by the CKM pattern ( the so-called ”minimal flavor violation”), then the above CP puzzle remains untouched. It was pointed out that prospects change when one moves to non-minimal flavor SUSY models where the electroweak penguins can be enhanced and new phases may be obtained [11]. It is then compelling to provide an explicit model where the CP puzzle in B → Kπ decays is overcome and to study its implications for the flavor changing neutral current (FCNC) phenomenology. This is the aim of the present paper.

We individuate the source of flavor non-minimality in the trilinear scalar terms of the soft SUSY breaking sector, i.e. in the non-universal A-terms. Non-universality in the soft breaking terms is a common feature in most superstring inspired SUSY models [22]. Indeed, asking for flavor universality in the SUSY breaking sector of supergravities implies strong constraints on their minimal Kahler potential. Relaxing such constraints, as in several string and D-brane derived models [23], leads to non-degenerate trilinear couplings. It is also worth reminding that non-universal soft SUSY breaking represents an important ingredient, together with new large SUSY CP phases, to produce observable effects in the lowenergy CP violating phenomena without exceeding the tough constraint of the experimental electric dipole moments limits [23, 24].

The B → Kπ decays are driven by the b → s transition. The effective Hamiltonian of this transition is given by

H^{ΔB=1} eff = G_F √ 2 ∑ p=u,c λ_p ( C_1Q^p_1 + C_2Q^p_2 + 10∑ i=3 C_iQ_i + C_{7γ} Q_{7γ} + C_{8g} Q_{8g} ) + { Q_i → Q̃_i , C_i → C̃_i } (4) where λ_p = V_{pb}V^⋆_{ps}, with V_{pb} the unitary CKM matrix elements satisfying the unitarity triangle relation λ_t + λ_u + λ_c = 0, and C_i ≡ C_i(μ_b) are the Wilson coefficients at low energy scale μ_b ≃ O(m_b). The basis Q_i ≡ Q_i(μ_b) of the relevant local operators renormalized at the same scale μ_b can be found in Ref.[25]. Q^p_{1,2} refer to the current-current operators, Q_{3−6} to the QCD penguin operators, and Q_{7−10} to the electroweak penguin operators, while Q_{7γ} and Q_{8g} are the magnetic and the chromo-magnetic dipole operators, respectively. In addition, the operators Q̃_i ≡ Q̃_i(μ_b) are obtained from Q_i by the chirality exchange (q̄_1q_2)_{V ±A} → (q̄_1q_2)_{V ∓A}. Notice that in the SM the coefficients C̃_i identically vanish due to the V- A structure of charged weak currents, while in the Minimal Supersymmetric SM (MSSM) they can receive contributions from both chargino and gluino exchanges.

In our analysis, we adopt the QCDF scheme [9] in evaluating the hadronic matrix elements for exclusive hadronic final states. We assume that the QCD factorization free parameters ρ_{A,H} and ϕ_{A,H} are of order one. In this case, the SM contributions to the amplitudes of B^0 → K^+π^− and B^+ → K^+π^0 can be parameterized as [10]

A(B^0 → K^+π^−) = λ_uT e^{iδT} + λ_c ( P e^{iδP} + P^C_{EW} e^{iδCEW} ) , √ 2A(B^+ → K^+π^0) = λ_u ( T e^{iδT} + Ce^{iδC} ) + λ_c ( P e^{iδP} + +P_{EW} e^{iδEW} ) , (5)

where the real parameters: T, C, P, P_{EW} , and P^C_{EW} represent color allowed tree, color suppressed tree, QCD penguin, electroweak penguin, and color suppressed electroweak penguin diagrams, respectively. The parameters δ_{P,T,C,EW,EW} C denote the CP conserving (strong) phases of the corresponding amplitudes. In the above expressions, we neglected the small annihilation contribution. Note that in the SM the only source of CP violation for both the B decays under consideration is represented by the phase of the CKM parameter λ_u, ie. the penguin contributions are essentially real. As stated above, one finds that the SM contributions to the CP asymmetries of B^0 → K^+π^− and B^+ → K^+π^0 are very close and with the same sign. Even assuming that the QCD factorization parameter ρ ≫ 1, the two asymmetries still remain of the same sign [11], at variance with the present experimental result.

We now focus our attention on SUSY models. The relevance of b − s transition processes as powerful probes for the presence of low-energy SUSY has been long studied for the most general class of MSSM [4, 26]. Here we stick to the interesting class of MSSM realizations where the source of flavor non-universality resides entirely in the non-universal A-terms. The relevant Wilson coefficients due to the gluino exchange are C^{g̃}_{7γ} and C^{g̃}_{8g} , while for the chargino contribution the following Wilson coefficients are important: C^χ_7 , C^χ_9 , C^{χ̃}_{7γ} ,and C^χ_{8g} . Note that gluino contributions to C_7 and C_9 are very small, particularly in this class of model with non-universal A-terms and universal squark masses. The complete expressions for these Wilson coefficients can be found in terms of mass insertion approximation in Ref.[11, 27] and in terms of mass eigenstate in Ref.[28]. In our numerical analysis, we use the complete one-loop computation in the mass eigenstate basis.

While for T , the SM contribution, T = T_{SM} , dominates, sizeable SUSY contributions arise in the penguin sector, P = P_{SM} + P_{SUSY} . Notice that the strong CP violating phases associated with T_{SUSY} and P_{SUSY} are in general different from the SM ones.

As said above, we are going to make use of P^{EW}_{SUSY} to account for the isospin breaking difference in the CP asymmetries of Eq. (3). It is then relevant to observe that the electroweak penguins of B → Kπ are insensitive to the values of C_{7γ} and C_{8g} , which give the dominant contributions to the branching ratio of b → sγ. Therefore, the b → sγ constraint does not pose an immediate threat to our proposal.

In general, the SM and SUSY B → Kπ decay amplitudes can be parametrized as follows:

A^{SM} = |A^{SM}| e^{i(θSM+δSM )}, Ā^{SM} = |A^{SM}| e^{i(−θSM+δSM )}, (6)

with similar expression for A^{SUSY}. Here, δ^{SM(SUSY)} is the SM (SUSY) CP conserving phase and θ^{SM(SUSY)} is the SM (SUSY) CP violating phase.

The CP asymmetry can be written as A^{CP} = 2R sin(δ_{SM} − δ_{SUSY} ) sin(θ_{SM} − θ_{SUSY} ) 1 + R^2 + 2R cos(δ_{SM} − δ_{SUSY} ) cos(θ_{SM} − θ_{SUSY} ) , (7) where R is defined as R = |A^{SUSY} /A^{SM} |.

Let us turn to a specific model where to compute the relevant quantities entering the above expression for A^{CP} . We consider a SUSY breaking mechanism giving rise to flavor non-universal trilinear couplings. We parameterize the trilinear matrices Y^A_{u,d} with the so-called ”factorizable” A-terms, (Y A)_{ij} = A_{ij} Y_{ij} , where A_{ij} is given by

A^u = A^d = m̃_0 x y z x y z x y z , (8)

with the entries x, y and z complex and of order one, while Y_{ij} are the Yukawa couplings. In general A^d and A^u have different structures. Here we assume for simplicity that A^d = A^u. Again just for simplicity, we consider universality both in the soft scalar mass m̃_0 and gaugino mass M_{1/2} sectors.

In the super-CKM basis Y^A reads Y^A = Y_{diag} .(U.A.V ), where U and V are the left and right rotational matrices that diagonalize the quark mass matrix. The off-diagonal term in the LR squark mass matrix is proportional to the corresponding quark mass

(δ^q_{LR})_{ij} = m^q_i m̃^2_q (U.A^q.V )_{ij} , (9) where m̃_q denotes the average squark mass. Notice that the above choice of the ”factorizable” A-terms implies that the mass insertion (δ^u_{LR})_{11} ≃ m_u/m̃_0 ∼ O(10^{−6}), which is consistent with the stringent neutron EDM constraint [24], even in the presence of large SUSY CP violating phases.

The possibility of exploiting complex nonuniversal A-terms had been advocated a few years ago in connection with a similar issue of direct CP violation, but in the context of the Kaon system, to account for the size of ε^′/ε [29]. Notice that in the present case involving transitions from the third to the second generation, the size of the flavor changing mass insertions can be quite conspicuous. Indeed, (δ^u_{LR})_{32}, which is relevant for the CP asymmetry of B → Kπ mediated by chargino exchange, can be as high as (δ^u_{LR})_{32} ≃ m_t/m̃_0 ∼ O(0.1). Clearly, the corresponding (δ^d_{LR})_{32} in the down-sector is suppressed by the smallness of m_b compared to m_t avoiding possible problems with the b → sγ constraint.

FIG. 1: The ratios R_π+_K− and R_π0_K− as function of the trilinear parameter z for x = 1, y = 2 and ϕi = O(1).

We now come to a quantitative evaluation of the SUSY contributions to the CP asymmetries in our model. In addition to tan β, the free parameters are: m_0, m_{1/2}, A_0, |x|, |y|, |z|, ϕ_1, ϕ_2, ϕ_3, where ϕ_i are the associated phases to the trilinear parameters x, y, z. For simplicity, we assume A_0 = m_0 and set m_0 = 300 GeV, m_{1/2} = 500 GeV and tan β = 10. We vary the other six parameters, taking into account all the relevant constraints imposed on SUSY models, in particular the EDM constraints and the observed limits on the branching ratio of b → sγ. These two constraints are the most important ones to significantly affect our parameter space.

In order to account for the experimental results we ask for the SUSY contributions to be such to give rise to the following two features at variance with respect to what occurs in the SM: i) R_π+_K− should turn out to be larger than R_π0_K− , in order to obtain |A_{CP} (π^+K^−)| > |A_{CP} (π^0K^−)| and ii) the relative sign between the CP violating and strong phases associated to B^0 → π^+K^− should be negative, while it should be positive in the B^− → π^0K^− case.

In Fig. 1 we display the ratios R_π+_K− and R_π0_K− as function of the trilinear parameter z for x = 1, y = 2 and ϕ_i = O(1) (other parameters are fixed as stated above). As can be seen from this figure, the values of R_π+_K− is typically larger than the values of the ratio R_π0_K− .

We have checked that for the above choice of the parameter also the second above requirement, namely the fact that the the CP violating phases of the amplitudes B^0 → π^+K^− and B^− → π^0K^− have opposite sign, is indeed fulfilled.

The correlation between the two CP asymmetries A^{CP} (π^+K^−) and A^{CP} (π^0K^−) are displayed in Fig. 2.

From this figure, it becomes clear that the experimental results reported in Eq. (2) can be easily accommodated in this class of SUSY models.

In conclusion, we have shown that the presence of new sources of CP violation in the flavor non-universal trilinear scalar terms can originate a ( large) phase in the SUSY penguins, in particular in the electroweak ones, leading to a res-

FIG. 2: The correlation between the CP asymmetries A^{CP} (π^+K^−) and A^{CP} (π^0K^−) as function of the trilinear parameter z.

olution of the B → Kπ puzzle. Interestingly enough, these sources of CP violation which are linked to the breaking of SUSY could be at the origin of possible deviations from the SM in the two manifestations of direct CP violation in the K and B systems, ε^′/ε and the B → Kπ CP violating asymmetries, respectively. The experimental search for other B decay channels ( for instance, B^+ → J/ψK^+ [3]) where the presence of the enhanced CP violation in electroweak penguins can show up is of utmost relevance.

Acknowledgements We thank the Yukawa institute (Kyoto) and the YKIS research project for kind hospitality and support while part of this project was accomplished. S.K. would like to thank the INFN Padua Section and the Department of Physics of the Padua University for their kind hospitality while finishing this work. S.K. work is partially supported by ICTP project 30 and the Egyptian Academy of Science and Technology. A.M. acknowledges partial support from RTN European Contracts MRTN-CT-2006-035863 (UniverseNet), MRTN-CT-2004-503369 ( QFU) and MRTN- CT-2006-035505 (HepTools), from the AstroParticle Special Projects of MIUR (PRIN 2006023491-001) and INFN (FA51), and the CARIPARO Excellence Project LHCosmology.

[1] M. Bona et al. [UTfit Collaboration], JHEP 0803, 049 (2008);

arXiv: 0803.0659 [2] E. Lunghi and A. Soni, Phys. Lett. B 666, 162 (2008). [3] W.S. Hou, arXiv:0808.1932.

[4] L. Silvestrini, Ann. Rev. Nucl. Part. Sci. 57, 405 (2007). [5] T. Iijima, talk presented at Lepton-Photon 20009, Hamburg, Aug. 16-22, 2009; S. Prell, talk presented at Lepton-Photon 20009, Hamburg, Aug. 16-22, 2009.

[6] A. J. Buras and D. Guadagnoli, arXiv:0901.2056. [7] [The Belle Collaboration], Nature 452, 332 (2008); B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 76, 091102 (2007).

[8] http://www.slac.stanford.edu/xorg/hfag/, [Heavy Flavor Averaging Group (HFAG) Collaboration].

[9] M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda, Phys.

Rev. Lett. 83, 1914 (1999); Nucl. Phys. B 606, 245 (2001) [10] M. Beneke and M. Neubert Nucl. Phys. B 675, 333 (2003);

M. Neubert, arXiv:0801.0675 [11] S. Khalil, Phys. Rev. D 72, 035007 (2005).

[12] E. Lunghi and A. Soni, JHEP 0709, 053 (2007); R. Fleischer et al. arXiv:0806.2900.

[13] H. Li, S. Mishima and A.I. Sanda, Phys. Rev. D 72, 114005 (2005).

[14] C.W. Bauer, I.Z. Rothstein and I.W. Stewart, Phys. Rev. D 74, 034010 (2006).

[15] M. Ciuchini, E. Franco, G. Martinelli, M. Pierini and L. Silvestrini, Phys. Lett. B 515, 33 (2001); M. Ciuchini, M. Pierini and L. Silvestrini, Phys. Rev. Lett. 95, 221804 (2005); arXiv:hep-ph/0703137.

[16] A. Buras, R. Fleischer, S. Recksiegel and F. Scwab, Eur. Phys.

J. C 32, 45 (2003); S. Baek, P. Hamel, D. London, A. Datta ans D. Suprun, Phys. Rev. D 71, 057502 (2005); C.S. Kim, S. Oh and C. Yu, Phys. Rev. D 72, 074005 (2005).

[17] M. Ciuchini, E. Franco, G. Martinelli, A. Masiero and L. Silvestrini, Phys. Rev. Lett. 79, 978 (1997).

[18] S. Baek, J. H. Jeon and C. S. Kim, Phys. Lett. B 664, 84 (2008);

M. Imbeault, S. Baek and D. London, Phys. Lett. B 663, 410 (2008); C. S. Kim, S. Oh and Y. W. Yoon, arXiv:0707.2967; E. Lunghi and A. Soni, JHEP 0709, 053 (2007); S. Khalil, arXiv:hep-ph/0608157; R. Arnowitt, B. Dutta, B. Hu and S. Oh, Phys. Lett. B 633, 748 (2006); S. Khalil and E. Kou, Phys. Rev. D 71, 114016 (2005); W. -S. Hou, Phys. Rev. Lett. 95, 141601 (2005); JHEP 0609, 012 (2006); Phys. Rev. Lett. 98, 131801 (2007); A. Soni, A. Kumar Alok, A. Giri, R. Mohanta and S. Nandi, arXiv: 0807.1971.

[19] S. Baek and D. London, Phys. Lett. B 653, 249 (2007); R. Fleischer, arXiv:hep-ph/0701217.

[20] W. Hou, M. Nagashima and A. Soddu, Phys. Rev. Lett. 95, 141601 (2005); M. Peskin, Nature 452, 293 (2008).

[21] M. Neubert and J. Rosner, Phys. Rev. Lett. 81, 5076 (1998). [22] A. Brignole, L. E. Ibanez and C. Munoz, Nucl. Phys. B 422, 125 (1994) [Erratum-ibid. B 436, 747 (1995)].

[23] S. Khalil, T. Kobayashi and O. Vives, Nucl. Phys. B 580, 275 (2000).

[24] S. Abel, S. Khalil and O. Lebedev, Nucl. Phys. B 606, 151 (2001).

[25] G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod.

Phys. 68, 1125 (1996).

[26] M. Ciuchini, E. Franco, A. Masiero and L. Sivestrini, Phys. Rev.

D 67, 075016 (2003); Erratum-ibid D 68, 079901 (2003). [27] F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl.

Phys. B 477, 321 (1996); M. Ciuchini and L. Silvestrini, Phys. Rev. Lett. 89, 231802 (2002).

[28] F. Kruger and J. C. Romao, Phys. Rev. D 62, 034020 (2000);

R. Harnik, D. T. Larson, H. Murayama and A. Pierce, Phys. Rev. D 69, 094024 (2004).

[29] A. Masiero and H. Murayama, Phys. Rev. Lett. 83, 907 (1999);

S. Khalil and T. Kobayashi, Phys. Lett. B 460, 341 (1999). [30] With the new BK lattice evaluation, the SM CKM may have difficulty to correctly produce also the CP violation in the kaon system [6]