arXiv:hep-ph/0012096 v2 21 Dec 2000

FTUV-12-08, IFIC-00-79

Supersymmetric origin of a low a_{J/ψ} CP asymmetry

A. Masiero, M. Piai SISSA – ISAS, Via Beirut 4, I-34013, Trieste, Italy and INFN, Sezione di Trieste, Trieste, Italy

O. Vives Departament de Física Teòrica and IFIC Universitat de València-CSIC, E-46100, Burjassot, Spain

Abstract

We show that general Minimal Supersymmetric extensions of the Standard Model (MSSM) allow for a CP asymmetry in B ! J/ψK_S well below the SM expectations with dominant Supersymmetric contributions to ε_K and ε^′/ε. Indeed, we provide an explicit example of an MSSM with non–universal soft breaking terms fully consistent with the low results of this asymmetry recently announced by Babar and Belle collaborations.

Typeset using REVTEX

The strong implications of the presence of generic Supersymmetric (SUSY) soft–breaking terms in Flavor Changing Neutral Current (FCNC) and CP violation phenomena were readily realized in the early 80’s with the beginning of the SUSY phenomenological studies. The need of an analog of the GIM mechanism in the scalar sector to suppress too large SUSY contributions to K^0–K̄^0 mixing was emphasized [1] and this showed the large potentiality of looking for SUSY signals in FCNC and CP violation experiments. Still, the existence of a single experimental measure of CP violation in nature, namely indirect CP violation in kaon mixing, ε_K, made it impossible to distinguish among a pure Cabibbo–Kobayashi– Maskawa (CKM) origin of CP violation or a large supersymmetric (or more generally new physics) contribution. The actual possibility to disentangle these two options arises with the comparison of different CP violating processes. Specially, the CP asymmetries in B^0 decays to be measured in the B–factories and the improvement of electric dipole moment (EDM) constraints can play a very important role to accomplish this objective.

Recently, the arrival of the first results of B^0 CP asymmetries from the B factories has caused a lot of excitement in the high energy physics community.

a_{J/ψ} = 0.12 ± 0.37 ± 0.09 ( Babar [2])

0.45

+0.43 + 0.07 −0.44 − 0.09 ( Belle [3])

0.79

+0.41 −0.44 ( CDF [4]) (1)

As it is clear from (1), the errors are still too large to draw any firm conclusion. In any case, the Babar and Belle results seem to indicate a lower value than the Standard Model (SM) expectations corresponding to 0.59 ≤ sin (2β) ≤ 0.82. Several works in the literature discussed the possible implications of this small CP asymmetry [5,6] and pointed out two possibilities. A small asymmetry can be due to a large new physics contribution in the B system and/or to a new contribution in the kaon system modifying the usual determination of the unitarity triangle.

In a recent letter [6], two of us proved that, in generic MSSM models, it is more natural to expect large SUSY contributions to FCNC and CP–violating observables in the kaon rather then in the B system, unless additional flavor structures thoroughly different from the fermionic couplings are present in the sfermionic sector^1 . In this work we bring those considerations to their consequences for a_{J/ψ}: we show that in non–universal MSSM it is realistic to reproduce the CP violation in the kaon system through SUSY effects, while being left with a small a_{J/ψ} in the B system. Indeed the role of the CKM phase could be confined to the SM fit of the charmless semileptonic B decays and B^0_d–B̄^0_d mixing, while dominantly attributing to SUSY the K CP violation (ε_K and ε^′/ε). In this case the CKM phase can be

1Still, even in the absence of additional flavor structures, SUSY loops can modify the SM contributions proportional to CKM elements. However, these changes are relatively small in a GUT defined MSSM once we take into account all the relevant constraints [7].

quite small, hence leading to a low a_{J/ψ} CP asymmetry.

Although these results are quite general [6,9,10], to make our point more explicit we prefer to discuss a concrete example based based on type–I [11] string theory and, just for the sake of clearness, we take a real CKM matrix.

We use the model defined in [10] where soft scalar masses for quark doublets and the Higgs fields are all universal at M_{GUT} ,

m^2_{Qi} = m^2_{3/2}(1 − 3 2 cos^2 θ (1 − Θ^2_1)), (2)

while the soft scalar masses for quark singlets are non–universal,

m^2_{Di} = m^2_{3/2}(1 − 3 cos^2 θ Θ^2_i ), (3)

in terms of θ and Θ_i which are goldstino angles with the constraint, ∑ Θ^2_i = 1, and m_{3/2} the gravitino mass^2.

In this basis of diagonal sfermion masses, the Yukawa matrices are not diagonal and they can be written as v_1 Y_d = K^{DL †} · M_d · K^{DR} and v_2 Y_u = K^{UL †} · M_u · K^{UR} , with K^{UL †} · K^{DL} = K_{CKM} . For definiteness we take the Yukawa matrices to be hermitian such that K^{DR} = K^{DL} and K^{UR} = K^{UL} . Moreover, as announced in the introduction, we take K_{CKM} to be completely real. These matrices, K^{DL} and K^{UL} , are completely unknown unitary matrices, nevertheless, as discussed in [6,13], given the smallness of CKM mixings, it is natural to expect that Yukawa matrices are strongly hierarchical. Then we may take as a typical situation the case where the mixings in both K^{DL} and K^{UL} are of the same order as the mixings in K_{CKM} . Notice that, in general, these matrices can have a different structure, however, a Cabibbo–like mixing among the first two generations is required to reproduce the CKM matrix, and this is, indeed the key ingredient in our discussion. This feature will be shared by any other texture and, as shown in [6] other mixings have a smaller effect. In any case, given that now K^{D(U )L} measure the flavor misalignment among, d(u)_L–Q̃_L and we have already used the rephasing invariance of the quarks to make K_{CKM} real, it is evident that we can expect new observable (unremovable) phases in the quark–squark mixings [14], and in particular in the first two generation sector, i.e.,

K^{DL} = 1 − λ^2/2 λ e^{iα} A ρ λ^3e^{iβ} −λ e^{−iα} 1 − λ^2/2 A λ^2 e^{iγ} A λ^3 (e^{−i(α+γ)} − ρ e^{−iβ}) −A λ^2 e^{−iγ} 1 (4)

2The complementary situation with non–universal doublets and universal singlets or the complete non–universal picture are also perfectly possible. In the literature, the case where large flavor– independent soft phases may give a dominant contribution to CP violation has been discussed in [12] to O(λ^4) and A, ρ the usual parameters in the Wolfenstein parameterization (with η = 0) both them O(1).

Following Ref. [6] it is straightforward to estimate the RR MI as,

(δ^d_R)_{ij} = 1

m^2_{q̃} ( (m^2_{D̃2} − m^2_{D̃1} ) K^{DL}_{i2} K^{DL}_{j2}^∗ + (m^2_{D̃3} − m^2_{D̃1} ) K^{DL}_{i3} K^{DL}_{j3}^∗ ) (5) However, due to the gluino dominance in the squark eigenstates at M_W we can say that m^2_{q̃}(M_W ) ≈ 6 m^2_{g̃}(M_{GUT} ). In this model [10], the gluino mass at M_{GUT} is given by m^2_{g̃} = 3m^2_{3/2} sin^2 θ. Replacing these values in Eq (5), this means, for the kaon system,

(δ^d_R)_{12} ≃ cos^2 θ(Θ^2_1 − Θ^2) 6 sin^2 θ

K^{DL}_{12} K^{DL}_{22}^∗ + cos^2 θ(Θ^2_1 − Θ^2_3) 6 sin^2 θ

K^{DL}_{13} K^{DL}_{23}^∗ ≃ cos^2 θ(Θ^2_1 − Θ^2) 6 sin^2 θ λ e^{iα} (6)

This value has to be compared with the MI bounds required to saturate ε_K [15], that in this case are, Im(δ^d_R)^{bound}_{12} ≤ 0.0032. Taking θ ≃ 0.7 as in [10] we get,

(δ^d_R)_{12} ≃ 0.035(Θ^2_1 − Θ^2) sin α <∼ 0.0032. (7)

Hence, it is clear that we can easily saturate ε_K without fine–tuning. Similarly, it is already well–known [6,10,13,16] that these models can analogously saturate ε^′/ε. In summary, we have explicitly shown that a generic MSSM can fully saturate the observed CP violation in the kaon system.

Now we turn to the CP asymmetries in the B system. Once more, with Eq. (5) we have,

(δ^d_R)_{13} ≃ cos^2 θ(Θ^2 − Θ^2_1) 6 sin^2 θ

K^{DL}_{12} K^{DL}_{32}^∗ + cos^2 θ(Θ^2_3 − Θ^2_1)

6 sin^2 θ

K^{DL}_{13} K^{DL}_{33}^∗ ≃ A λ^3 cos^2 θ 6 sin^2 θ ( −(Θ^2 − Θ^2_1) e^{i(α+γ)} + (Θ^2_3 − Θ^2_1) (e^{−i(α+γ)} − ρ e^{−iβ}) ) <∼ 10^{−3}, (8)

to be compared with the MI bound (δ^d_R)^{bound}_{13} ≤ 0.098 required to saturate the B^0 mass difference. Something similar can be done in this case for the LR sector [6]. This implies that the SUSY contribution to a_{J/ψ} is necessarily very small. Hence, due to the absence of any phase in the CKM mixing matrix the conclusion is that the CP asymmetry in the B → J/ψK_S decays will be very small in this extreme (non realistic) situation with real CKM. It is very interesting to check the consequences of this picture in other observables, as for instance rare kaon decays [17,18]. Clearly this extreme situation should be modified with the inclusion of an additional phase in the CKM matrix, in any case, shifting significantly the usual fit of the unitarity triangle.

In conclusion, we showed that general MSSM schemes allow for a significantly small a_{J/ψ} CP asymmetry (in agreement with the present B-factories central values), with the observed

CP violation in the kaon system largely due to new SUSY phases.

We thank L. Silvestrini for enlightening conversations. The work of A.M. was partially supported by the European TMR Project “Physics across the energy frontier” contract N. HPRN-CT-2000-00148; O.V. acknowledges financial support from a Marie Curie EC grant (HPMF-CT-2000-00457) and partial support from spanish CICYT AEN-99/0692.

REFERENCES

[1] J. Ellis and D. V. Nanopoulos, Phys. Lett. B110, 44 (1982)

R. Barbieri and R. Gatto, Phys. Lett. B110, 211 (1982) [2] B. Aubert et al., BaBar Collaboration, Report no. SLAC-PUB-8540, hep-ex/0008048; [3] H. Aihara, Belle Collaboration, Report no. Belle note 353, hep-ex/0010008. [4] T. Affolder et al., CDF Collaboration, Phys. Rev. D61, 072005 (2000), hep-ex/9909003;

R. Barate et al. [ALEPH Collaboration], Phys. Lett. B492, 259 (2000) [hepex/0009058].

[5] J. P. Silva and L. Wolfenstein, Report no. SLAC-PUB-8548, hep-ph/0008004;

G. Eyal, Y. Nir and G. Perez, JHEP 0008, 028 (2000), hep-ph/0008009; Z. Xing, hep-ph/0008018;

A. J. Buras and R. Buras, Report no. TUM-HEP-285-00, hep-ph/0008273. [6] A. Masiero and O. Vives, Phys. Rev. Lett. 86, 26 (2001), hep-ph/0007320. [7] A. Bartl, T. Gajdosik, E. Lunghi, A. Masiero, W. Porod, H. Stremnitzer and O. Vives, work in progress;

D. A. Demir, A. Masiero and O. Vives, Phys. Lett. B479, 230 (2000), hep-ph/9911337; D. A. Demir, A. Masiero and O. Vives, Phys. Rev. D61, 075009 (2000), hep-ph/9909325.

[8] A. Brignole, L. Ibañez and C. Muñoz, Nucl. Phys. B422, 125 (1994), hep-ph/9308271;

T. Kobayashi, D. Suematsu, K. Yamada and Y. Yamagishi, Phys. Lett. B348, 402 (1995), hep-ph/9408322;

A. Brignole, L. Ibañez, C. Muñoz and C. Scheich, Z. Phys. C74, 157 (1997), hepph/9508258.

[9] A. Masiero and H. Murayama, Phys. Rev. Lett. 83, 907 (1999), hep-ph/9903363. [10] S. Khalil, T. Kobayashi and O. Vives, Nucl. Phys. B580, 275 (2000), hep-ph/0003086. [11] L.E. Ibañez, C. Muñoz and S. Rigolin, Nucl. Phys. B553, 43 (1999), hep-ph/9812397. [12] M. Brhlik, L. Everett, G. L. Kane, S. F. King and O. Lebedev, Phys. Rev. Lett. 84, 3041 (2000), hep-ph/9909480.

[13] T. Kobayashi, O. Vives, Report no. FTUV-00-11-15, hep-ph/0011200. [14] F. J. Botella and J. P. Silva, Phys. Rev. D51, 3870 (1995) hep-ph/9411288;

F. J. Botella and O. Vives, work in progress.

[15] F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl. Phys. B477, 321 (1996), hep-ph/9604387;

J. Hagelin, S. Kelley and T. Tanaka, Nucl. Phys. B415, 293 (1994). [16] S. A. Abel and J. M. Frere, Phys. Rev. D55, 1623 (1997), hep-ph/9608251;

K. S. Babu, B. Dutta and R. N. Mohapatra, Phys. Rev. D61, 091701 (2000), hepph/9905464;

S. Khalil, T. Kobayashi and A. Masiero, Phys. Rev. D60, 075003 (1999), hepph/9903544;

S. Khalil and T. Kobayashi, Phys. Lett. B460, 341 (1999), hep-ph/9906374; R. Barbieri, R. Contino and A. Strumia, Nucl. Phys. B578, 153 (2000), hep-ph/9908255; S. Baek, J. H. Jang, P. Ko and J. H. Park, Phys. Rev. D62, 117701 (2000), hepph/9907572;

E. Gabrielli, S. Khalil and E. Torrente-Lujan, Report no. FTUAM-00-12, hepph/0005303.

[17] A. J. Buras, G. Colangelo, G. Isidori, A. Romanino and L. Silvestrini, Nucl. Phys.

B566, 3 (2000), hep-ph/9908371.

[18] G. Colangelo and G. Isidori, JHEP 9809, 009 (1998), hep-ph/9808487;

A. J. Buras and L. Silvestrini, Nucl. Phys. B546, 299 (1999), hep-ph/9811471.