arXiv:hep-ph/0701172v2 25 Jan 2007

UMISS-HEP-2007-01

Is there New Physics in B Decays ?

Alakabha Datta^{a1}

Department of Physics and Astronomy, University of Mississippi, Oxford, MS 38677, USA.

(January 25, 2007)

Abstract

Rare decays of the B meson are sensitive to new physics effects. Several experimental results on these decays have been difficult to understand within the standard model (SM) though more precise measurements and a better understanding of SM theory predictions are needed before any firm conclusions can be drawn. In this talk we try to understand the present data assuming the presence of new physics. We find that the data points to new physics of an extended Higgs sector and we present a two higgs doublet model with a 2-3 flavor symmetry in the down type quark sector that can explain the deviations from standard model reported in several rare B decays.

PACS Nos.: 11.30.Er, 11.30.Hv, and 13.20.He

1 Introduction

Experiments at B factories have demonstrated that the CKM matrix is the dominant source of CP violation in hadronic processes specially in decays dominated by tree amplitudes. These experiments have also confirmed that CP violation in the standard model(SM) is large. Now, it is widely expected that new physics (NP) necessary to stabilize the standard model Higgs mass and provide an explanation for electroweak symmetry breaking will be revealed around ∼TeV. As CP violation is not a symmetry or an approximate symmetry of nature it is natural to expect this NP to be associated with new CP violating phases which may be large and could be observable in B decays.

Rare B decays, where penguin amplitudes play a dominant role, are excellent places to look for new physics CP violating effects [1]. Decays that go through b → s

1datta@phy.olemiss.edu

transitions are specially interesting as the SM predictions for CP violation in several of these decays are tiny, making them ideal places to look for new physics CP odd phases. It is therefore of crucial importance to test the SM picture of CP violation in these decays.

In fact there are already many measurements in rare B decays. Interestingly, quite a few of these measurements have been difficult to understand within the SM. First, within the SM, the measurement of the CP phase sin 2β in B^0_d (t) → J/ψK_S should be approximately equal to that in decays dominated by the quarklevel penguin transition b → sqq̄ (q = u, d, s) like B^0_d (t) → ϕK_s, B^0_d (t) → η^′K_s, B^0_d (t) → π^0K^0, etc. However, there is a difference between the measurements of sin 2β in the b → s penguin dominated modes (sin 2β = 0.50 ± 0.06) and that in B^0_d (t) → J/ψK_S (sin 2β = 0.685 ± 0.032) [2, 3, 4]. Note that the sin 2β number for the b → s penguin dominated modes is the average of several modes. The effect of new physics can be different for different final hadronic states and so the individual sin 2β measurements for the different modes are important. Second, the latest data on B → πK decays (branching ratios and various CP asymmetries) appear to be inconsistent with the SM [5, 6, 7].^2 Third, within the SM, one expects no tripleproduct asymmetries in B → ϕK^∗ [9], but BaBar has measured such an effect at 1.7σ level [10]. There are also polarization anomalies where the decays B^0_d → ϕK^∗ and B^+ → ρ^+K^∗ appear to have large transverse polarization amplitudes in conflict with naive SM expectations [4, 11, 12].

While these deviations certainly do not unambiguously signal new physics, they give reason to speculate about NP explanations of the experimental data. Furthermore, it is far more compelling to find NP scenarios that provide a single solution to all the deviations than to look for solutions to individual discrepancies. Taking all these deviations seriously one is lead to certain structures of NP operators that can explain the present data[13]. The structure of these operators, which involve scalar-pseudoscalar currents, strongly suggest NP associated with an extended Higgs sector. One of the simplest options is to consider a 2 Higgs doublet model that generates new flavor changing neutral current (FCNC) effects of the right strength. The model that we will consider will generate new FCNC effects at the tree level. It is known that FCNC b → s transitions in the SM are not only loop suppressed but are also suppressed by small mixing angles. Hence to produce effects of the right order( or the same size as the SM FCNC amplitudes) FCNC effects in the NP model must receive additional suppression on top of the suppression due to the mass of the heavy scalar (or pseudoscalar) exchange which we take to be around a TeV. The choice for the heavy scalar(pseudoscalar) mass, m_H , is based on the assumption that the same new physics needed for the Higgs mass stabilization is also responsible for new FCNC effects in B decays. This additional suppression, which is given by m_s/m_b in our model, comes from the breaking of a 2-3 flavor symmetry by the strange quark

2 A cleaner test of the SM could be provided by looking at the quasi-exclusive decays B → KX [8] rather than the exclusive B → Kπ decays.

mass [14, 15]. We now give details of the two Higgs doublet model in the following section.

2 A Specific NP Model

Our model of NP is a two Higgs doublet model which has a 2-3 interchange flavor symmetry in the down quark sector like the μ − τ interchange symmetry in the leptonic sector [14, 15]. The 2-3 symmetry is assumed in the gauge basis where the mass matrix has off diagonal terms and is fully 2-3 symmetric. Diagonalizing the mass matrix splits the masses of s and b or μ and τ and leads to vanishing m_s(m_μ). The breaking of the 2-3 symmetry is then introduced though the strange quark mass in the quark sector and the muon mass in the leptonic sector. The breaking of the 2-3 symmetry leads to flavor changing neutral currents (FCNC) in the quark sector and the charged lepton sector that are suppressed by^{ms}_{mb} and^{mμ}_{mτ} in addition to the mass of the Higgs boson of the second Higgs doublet. Additional FCNC effects of similar size can be generated from the breaking of the s−b symmetry in the Yukawa coupling of the second Higgs doublet. In what follows we will limit our discussions only to the quark sector.

We consider a Lagrangian of the form, L^Q_Y = Y^U_{ij} Q̄_{i,L}ϕ̃_1U_{j,R} + Y^D_{ij} Q̄_{i,L}ϕ_1D_{j,R} + S^U_{ij} Q̄_{i,L}ϕ̃_2U_{j,R} + S^D_{ij} Q̄_{i,L}ϕ_2D_{j,R} + h.c., (1) where ϕ_i, for i = 1, 2, are the two scalar doublets of a 2HDM, while Y^{U,D}_{ij} and S^{U,D}_{ij} are the non-diagonal matrices of the Yukawa couplings. After diagonalizing the Y matrix one can have FCNC couplings associated with the S matrix.

For convenience we express ϕ_1 and ϕ_2 in a suitable basis such that only the Y^{U,D}_{ij} couplings generate the fermion masses. In such a basis one can write,

⟨ϕ_1⟩ = ( 0 v/ √ 2 ) , ⟨ϕ_2⟩ = 0 . (2)

The two Higgs doublets in this case are of the form,

ϕ_1 = 1 √ 2 ( 0 v + H^0 ) + 1 √ 2 ( √ 2χ^+ iχ^0 ) , ϕ_2 = 1 √ 2 ( √ 2H^+ H^1 + iH^2 ) . (3)

In principle there can be mixing among the neutral Higgs but here we neglect such mixing. We assume the doublet ϕ_1 corresponds to the scalar doublet of the SM and H^0 to the SM Higgs field. In addition, we assume that the second Higgs doublet does not couple to the up-type quarks(S^U ≡ 0). For the down type couplings in Eq. 1 we have, L^D_Y = Y^D_{ij} Q̄_{i,L}ϕ_1D_{j,R} + S^D_{ij} Q̄_{i,L}ϕ_2D_{j,R} + h.c. (4)

We assume the following symmetries for the matrices Y^D and S^D:

• There is a discrete symmetry under which d_{L,R} → −d_{L,R}

• There is a s − b interchange symmetry: s ↔ b

The discrete symmetry involving the down quark is enforced to prevent s → d transition because of constraints from the kaon system. It also prevents b → d transitions since B_d mixing as well as the value of sin 2β measured in B^0_d (t) → J/ψK_S are consistent with SM predictions. Although there may still be room for NP in b → d transitions, almost all deviations from the SM have been reported only in b → s transitions and so we assume no NP in b → d transitions in this work.

The above symmetries then give the following structure for the Yukawa matrices,

Y^D = y_{11} 0 0 0 y_{22} y_{23} 0 y_{23} y_{22} ,

S^D = s_{11} 0 0 0 s_{22} s_{23} 0 s_{23} s_{22} . (5)

The diagonalizing of Y^D reduces S^D to a diagonal form also and so there are no FCNC effects associated with the second Higgs doublet. To introduce FCNC effects we introduce the strange quark mass as a small breaking of the s − b symmetry and consider the structure,

Y^D_n = y_{11} 0 0 0 y_{22}(1 + 2z) y_{22} 0 y_{22} y_{22} , (6)

with z ∼ 2m_s/m_b being a small number.

At this point we can consider two scenarios: the first corresponds to the situation where the matrix S^D is still s − b symmetric. This leads to an interesting prediction that there are no observable new weak phase in B_s mixing [15]. In the second case we will allow for small breaking of the s − b symmetry in S^D in Eq. 5. This then results in an observable phase in B_s mixing. In this talk we will consider only the first scenario.

For the first case, S^D in the mass eigenstate basis has the form,

S^D → S^{D′} = s_de^{iϕdd} 0 0 0 s_se^{iϕss} zse^{iϕsb} 0 zse^{iϕsb} s_be^{iϕbb} , (7) where s_de^{iϕdd} = s_{11}, s_se^{iϕss} = (s_{22} − s_{23}), s_be^{iϕbb} = (s_{22} + s_{23}), se^{iϕsb} = s_{23}. (8)

After integrating out the heavy Higgs bosons, H^{1,2}, which we shall henceforth rename S and P bosons, we can generate the following effective Hamiltonian for ΔB = 2 and ΔB = 1 processes,

H^{ΔB=2} NP = 1 2m^2_{S(P )} z^2s^2 [ ±e^{i2ϕsb} O_{RR} ± e^{−i2ϕsb} O_{LL} + O_{RL} + O_{LR} ] , (9)

with

O_{LL} = s̄(1 − γ_5)bs̄(1 − γ_5)b, O_{LR} = s̄(1 − γ_5)bs̄(1 + γ_5)b, O_{RL} = s̄(1 + γ_5)bs̄(1 − γ_5)b, O_{RR} = s̄(1 + γ_5)bs̄(1 + γ_5)b, (10) and H^{ΔB=1} eff,NP = 4 G_F √ 2 z ss_q g^2 m^2_W m^2_{S(P )} [ ±e^{iϕ+} H_{RR} ± e^{−iϕ+} H_{LL} +e^{iϕ−} H_{RL} + e^{−iϕ−} H_{LR} ] , (11)

where the ± sign is for S and P exchange interaction, ϕ_± = ϕ_{sb} ± ϕ_{qq} and

H_{LL} = s̄(1 − γ_5)bq̄(1 − γ_5)q, H_{RL} = s̄(1 + γ_5)bq̄(1 − γ_5)q, H_{LR} = s̄(1 − γ_5)bq̄(1 + γ_5)q, H_{RR} = s̄(1 + γ_5)bq̄(1 + γ_5)q. (12)

One can now study the predictions of this model for various FCNC processes involving the B meson. The structure of H^{ΔB=1}_{eff,NP} has just the right form found in Ref [13] to explain the various discrepancies in the rare B decays observed in experiments. In the next section we briefly discuss the predictions of the model.

3 Predictions and Conclusions

The predictions of our model are given below:

• As mentioned earlier, the effective sin 2β measured in pure penguin or penguin dominated b → s transitions are generally lower than that from sin 2β measured in B^0_d → J/ψK_s. This is now a problem which is almost four years old and has not been resolved yet [16]. In our model the effective sin 2β measured in b → s transitions like B^0_d (t) → ϕK_s, B^0_d (t) → η(η^′)K_s, B^0_d (t) → K_sπ^0 etc are different and smaller than from sin 2β measured in B^0_d → J/ψK_s. This is consistent with present experiments. Large branching ratios in charmless semi-inclusive B → η^′X_s decays also have been difficult to understand in the SM [17] and it is plausible that our NP model may provide an explanation of this large branching ratio.

• The model gives a good fit to the data on the various B^0_d → Kπ data [18].

• The model explains the large transverse polarizations observed in B^0_d → ϕK^∗ and B^+ → K^{∗0}ρ^+ but not in B^+ → K^{∗+}ρ^0 [19]

• The predictions for B_s mixing [15] are consistent with experiments [20]. The phase in B_s mixing may or may not be observable even though new weak phases will be observable in hadronic b → sq̄q transitions where q = u, d, s.

In conclusion, we expect NP to be exist around a scale of T eV to stabilize the Higgs mass and provide an explanation for electroweak symmetry breaking. It is quite possible that this NP will contain new CP violating phases and since CP is not a symmetry of nature these CP odd phases can be large and hence detectable in rare B decays. Interestingly there are now several B decay modes in which there appear to be deviations from the SM predictions. These deviations could signal the presence of beyond the SM physics. In this work we were interested in a NP model that provides an explanation of all the deviations seen in several rare B decays. We considered a two Higgs doublet model with a 2-3 symmetry in the down type quark sector. The breaking of the 2-3 symmetry, introduced by the strange quark mass leads to FCNC in the quark sector that are suppressed by^{ms}_{mb} in addition to the mass of the heavy Higgs boson which is taken to be around a TeV. This model can explain all the deviations so far reported in several rare B decays and future precise measurements at B factories as well as results from upcoming collider experiments such as LHC will be able to test this model of new physics.

References

[1] See for example, R. Fleischer and J. Matias, Phys. Rev. D 66, 054009 (2002) [arXiv:hep-ph/0204101]; J. Matias, Phys. Lett. B 520, 131 (2001) [arXiv:hep-ph/0105103]; R. Fleischer and J. Matias, Phys. Rev. D 61, 074004 (2000) [arXiv:hep-ph/9906274].

[2] B. Aubert et al. [BABAR Collaboration], arXiv:hep-ex/0507087; B. Aubert et al. [BABAR Collaboration], [hep-ex/0503011]; B. Aubert et al. [BABAR Collaboration], [hep-ex/0502019]; B. Aubert et al. [BABAR Collaboration], [hep-ex/0502017]; B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 94, 161803 (2005) [arXiv:hep-ex/0408127].

[3] K. Abe et al. [Belle Collaboration], arXiv:hep-ex/0507037; K. F. Chen et al.

[Belle Collaboration], Phys. Rev. D 72, 012004 (2005) [arXiv:hep-ex/0504023]; K. Abe et al. [BELLE Collaboration], arXiv:hep-ex/0409049.

[4] Heavy flavor average group,http://www.slac.stanford.edu/xorg/hfag/rare.

[5] Experiment: B. Aubert et al. [BABAR Collaboration], Phys. Rev.

Lett. 89, 281802 (2002); arXiv:hep-ex/0408062, arXiv:hep-ex/0408080, arXiv:hep-ex/0408081; A. Bornheim et al. [CLEO Collaboration], Phys. Rev. D 68, 052002 (2003); Y. Chao et al. [Belle Collaboration], Phys. Rev. D 69, 111102 (2004).

BABAR: PRD71 (2005) 111102 BELLE-CONF-0569 (hep-ex/0507037)

Theory: A. J. Buras, R. Fleischer, S. Recksiegel and F. Schwab, Eur. Phys. J. C 32, 45 (2003), Phys. Rev. Lett. 92, 101804 (2004), Nucl. Phys. B 697, 133 (2004), arXiv:hep-ph/0410407; V. Barger, C. W. Chiang, P. Langacker and H. S. Lee, Phys. Lett. B 598, 218 (2004); S. Mishima and T. Yoshikawa, arXiv:hep-ph/0408090; Y. L. Wu and Y. F. Zhou, arXiv:hep-ph/0409221; H. Y. Cheng, C. K. Chua and A. Soni, arXiv:hep-ph/0409317; Y. Y. Charng and H. n. Li, arXiv:hep-ph/0410005; X. G. He and B. H. J. McKellar, arXiv:hep-ph/0410098; C. S. Kim, S. Oh and C. Yu, arXiv:hep-ph/0505060.

[6] S. Baek, P. Hamel, D. London, A. Datta and D. A. Suprun, Phys. Rev. D 71, 057502 (2005) [arXiv:hep-ph/0412086]; M. Imbeault, A. Datta and D. London, arXiv:hep-ph/0603214.

[7] S. Baek and D. London, arXiv:hep-ph/0701181.

[8] T. E. Browder, A. Datta, X. G. He and S. Pakvasa, Phys. Rev. D 57, 6829 (1998) [arXiv:hep-ph/9705320].

[9] For a study of triple products in the SM and with new physics, see A. Datta and D. London, Int. J. Mod. Phys. A 19, 2505 (2004).

[10] B. Aubert et al. [BABAR Collaboration], arXiv:hep-ex/0408017. Note that the earlier Belle measurements of the same quantities do not show any signs of a nonzero triple-product asymmetry, see K.-F. Chen et al. [Belle Collaboration], Phys. Rev. Lett. 91, 201801 (2003).

[11] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 91, 171802 (2003);

K. F. Chen et al. [BELLE Collaboration], arXiv:hep-ex/0503013.

[12] B. Aubert [BABAR Collaboration], arXiv:hep-ex/0607057; J. Zhang et al. [BELLE Collaboration], arXiv:hep-ex/0505039. K. Abe et al. [BELLE- Collaboration], Phys. Rev. Lett. 95, 141801 (2005) [arXiv:hep-ex/0408102].

[13] S. Baek, A. Datta, P. Hamel, O. F. Hernandez and D. London, arXiv:hep-ph/0508149; A. Datta, M. Imbeault, D. London, V. Page, N. Sinha and R. Sinha, Phys. Rev. D 71, 096002 (2005) [arXiv:hep-ph/0406192]; A. Datta and D. London, Phys. Lett. B 595, 453 (2004) [arXiv:hep-ph/0404130].

[14] A. Datta and P. J. O’Donnell, Phys. Rev. D 72, 113002 (2005) [arXiv:hep-ph/0508314].

[15] A. Datta, Phys. Rev. D 74, 014022 (2006) [arXiv:hep-ph/0605039].

[16] For an early NP explanation of CP measurement in B^0_d (t) → ϕK_s see for example, A. Datta, Phys. Rev. D 66, 071702 (2002) [arXiv:hep-ph/0208016].

[17] See for example, A. Datta, X. G. He and S. Pakvasa, Phys. Lett. B 419, 369 (1998) [arXiv:hep-ph/9707259].

[18] For the latest analysis with updated measurements and references see, M. Gronau and J. L. Rosner, arXiv:hep-ph/0610227.

[19] For the latest update on polarization results and references check Ref [4].

[20] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. Lett. 97, 021802 (2006) [arXiv:hep-ex/0603029]; [CDF - Run II Collaboration], Phys. Rev. Lett. 97, 062003 (2006) [arXiv:hep-ex/0606027].