Received: December 13, 1999, Accepted: March 20, 2000

HYPER VERSION

On bottom mixing with exotic quarks

Fernando M. L. de Almeida Jr. and Jose Antonio Martins Simões Instituto de Física Universidade Federal do Rio de Janeiro Ilha do Fundão, Rio de Janeiro BR-21945-970, RJ, Brazil E-mail: marroqui@if.ufrj.br simoes@if.ufrj.br

Abstract: In this paper we present a calculation of the effects of bottom mixing with new exotic quarks on the Z −→ bb̄ branching ratio and asymmetries and on the QCD coupling constant. A global fit to these quantities as recently measured in e^−e^+ annihilation at the Z peak is done and stringent bounds are obtained. We discuss the effects of different isospin signatures for the possible new exotic quarks. The consequences for superstring-inspired E_6 models are discussed. Constraints on the bottom mixing angles with the isosinglet quarks of the fundamental 27-plet are presented.

Keywords: e+-e- Experiments.

Some extensions of the Standard Model predict the existence of new quarks and leptons. This is the case of the superstring-inspired E_6 models [1]. In the fundamental 27 representation we have a new Q = −1/3 isosinglet quark which can be mixed with the standard bottom quark [2] SO(n) we can also have mirror fermions [3]. These models have gained a renewed interest with the recent experimental evidence that neutrinos have non-zero mass [4]. From general arguments, the observed neutrino masses can be a hint to the physics at the grand unification scale of 10^{15} GeV [5]. A possible explanation for neutrino mass spectrum would be new isosinglet neutral leptons from the 27-plet. Other scenarios could also be possible and it is a fundamental problem in present day elementary particle physics to find evidence for the other consequences of any model which could generalize the Standard Model. However, these theoretical expectations have not received, so far, any direct experimental support [6]. The validity of the Standard Model has been tested at the level of quantum corrections and this puts strong limits on new physics. New particles, if they exist, must be at a scale well above 100 GeV [6, 7]. It is well known that deviations from the Standard Model couplings must necessarily be very small [7, 8].

We suggest that an important step in the search for an extended model, such as E_6 is the possibility of new mixing in the quark sector. Of particular interest are the bounds involving the bottom quark. Since the third family has high mass states, there is a theoretical prejudice that deviations from the Standard Model will be more important there. In recent years, this seemed to be the case with the bottom asymmetries and hadronic branching ratio R_b. An earlier experimental surplus of bottom quark production in Z decays motivated theoretical investigations on new possible neutral gauge bosons [9] and/or bottom mixing with new quarks [10]. The more recent data has reduced these deviations to an acceptable level of less than 2σ [6, 7]. It is expected that in a near future the experimental precision will increase and the bounds on extended model parameters will be more restrictive.

In this paper we present a calculation of the effects of bottom mixing with new exotic quarks on the forward-backward and left-right forward-backward asymmetries, the bottom hadronic branching ratio and the QCD coupling constant. The main point of our work is to call attention to the fact that all these quantities are simultaneously modified by bottom mixing with new quarks. As the experimental precision on the bottom parameters is presently of the same order, any extention of the Standard Model must also fit all the above quantities to the data. As we show below, there is a weak isospin dependence on the sign deviations from the Standard Model due to new quark mixing. A global fit to the recent data on the above quantities is done in order to get new bounds on the mixing angles.

VSM VDM FMF

g_v g^{SM}_v + 1 2 s^2_L g^{SM}_v − 1 2 s^2_R g^{SM}_v − 1 2 s^2_R + 1 2 s^2_L

g_a g^{SM}_a + 1 2 s^2_L g^{SM}_a + 1 2 s^2_R g^{SM}_a + 1 2 s^2_R + 1 2 s^2_L

Table 1: New vector and axial-vector couplings for the Zbb vertex.

We consider three models, which differ by the SU(2) ⨂ U(1) isospin assignment (I, I_3) to new quarks and keep the same standard model attributes to the bottom:

1. Vector singlet model (VSM). This is the case of the fundamental 27 of E_6, with a new isosinglet quark (0, 0), usually called “h”.

2. Vector doublet model(VDM). In this model, two new doublets (1/2, ±1/2)_{R,L} are introduced, with left and right helicities.

3. Fermion-mirror-fermion model (FMF). In this model we have a new doublet (1/2, ±1/2)_R and singlet (0, 0)_L with opposite left and right assignments relative to the Standard Model.

In all models we allow different left and right mixing angles between the Standard Model b quark and the new exotic down-type quark. Many other assignments to new exotic quarks are possible. We have considered only the above three extensions, since their isospin contents result in different signs of the deviations from the Standard Model results as shown in equations 1 and 2. It is then straightforward to calculate, at tree level the change in the Zbb couplings, given in table 1, where s^2_i = sin^2 θ_i. The couplings for the VSM depend only on the left-handed mixing angle, as the right-handed helicity state of the exotic bottom quark has the same isospin as the Standard Model bottom quark. Similarly, the couplings of the VDM depend only on the right-handed mixing angle and for the FMF couplings both mixing angles are present.

We now discuss the general assumptions leading to our results. The first point to clarify is that we have taken into account in our calculation only the effects of mixing. In the class of models considered above one has many other effects such as new gauge bosons and scalars. A complete treatment of all the contributions is highly desirable but we will then face the problem of a large number of unknown parameters. It is known [8] that there are no significant contributions of these new particles to radiative corrections and so we have decided to study only the mixing angle effects. For a given mixing angle, the results then only depend on the weak isospin assignments of the new down-type quark in a given model. We are also supposing that mixing effects are small, as shown by several authors [11, 12]. As it

SM Experimental VSM VDM FMF A^b 0.9348 ± 0.0001 0.911 ± 0.025 0.9345 0.9348 0.9404 A^{F B} 0.1034 ± 0.0009 0.0988 ± 0.0020 0.1034 0.1034 0.1040 R^b 0.2158 ± 0.0002 0.2164 ± 0.0007 0.2148 0.2158 0.2141

Table 2: Asymmetries and hadronic branching ratio for the Standard Model(SM), experimental(Exp.) values and their 95% confidence level limits for the different models. The experimental data is from the Particle Data Group update of November, 1999.

is known experimentally that corrections to the Standard Model must be small, we present the results of our calculations as powers of a small mixing angle and keep only the first order term. They are displayed in equations 1 and 2. In equations 1, “A” means the forward-backward or the left-right forward-backward asymmetries. Both asymmetries are corrected by the same factor. This is a direct consequence of the isospin content of each extended model. Our calculation was performed in the on-shell scheme, with sin^2θ_W = 0.2230 and m_t = 174.3 GeV. In equations 2, for R_b, all models tend to reduce the Standard Model prediction. For the asymmetries, the VDM and VSM models show opposite corrections whereas the FMF model tends to cancel each correction.

A_{V SM} = A_{SM} (1 − 0.1551s^2_L) A_{V DM} = A_{SM} (1 + 0.8544s^2_R) A_{F MF} = A_{SM} (1 + 0.8544s^2_R − 0.1551s^2_L) (1)

R_{V SM} = R_{SM} (1 − 2.2768s^2_L) R_{V DM} = R_{SM} (1 − 0.4132s^2_R) R_{F MF} = R_{SM} (1 − 0.4132s^2_R − 2.2768s^2_L) (2)

We have performed a global fit to the present experimental data from LEP/SLC, which is shown in table 2 [13]. It is compatible with zero mixing for all models. We have obtained, at 95% confidence level, the following upper bounds for each model

s^2_L < 0.046 for VSM s^2_R < 0.002 for VDM s^2_R < 0.087 , s^2_L < 0.046 for FMF . (3)

The numerical results for the data are shown in table 2, for the Particle Data Group average on the LEP/SLC data, in their 1999 update. No evidence for mixing is seen. We have checked the change in the value of α_s inferred from the measurement of the Z hadronic cross section due to the bottom mixing[14]. With the upper bounds above there is a small contribution, bounded by Δα_s < 0.005.

It is well known that A_b can also be inferred from A_{F B} using the relationship A_{F B} =^3_4 A_bA_e. There is some discrepancy with the Standard Model predictions on these asymmetries as discussed in section 10 of the Particle Data Group [13]. A_b can be extracted from A_{F B} and combined with the measurement at SLC. The result gives A_b = 0.892 ± 0.016 which is 2.7σ below the Standard Model prediction. Using the LEP result on A_e, PDG obtains A_b = 0.904 ± 0.018, which is 1.7σ low. With these new values we redone our global fit and verified that there is no significant differences from the PDG average.

In conclusion, the search for deviations from the Standard Model predictions in the bottom parameters can be a window to test the predictions of grand-unified models. As there is an enormous experimental activity on b-physics, it is expected that the uncertainties on the basic b-parameters will be strongly reduced very soon [15]. If the future data is closer to the Standard Model predictions, our results will imply new stronger bounds on mixing angles. If, on the contrary, there are significant experimental discrepancies with the Standard Model, our calculation could be very useful in establishing the theoretical origin of then. For example, if R_b turns to be above the Standard Model prediction, then this effect can not be attribute to mixing with new quarks in any of the models here considered.

Acknowledgments

This work was partially supported by the following Brazilian agencies: CNPq, FUJB, FAPERJ and FINEP.

References

[1] J.L. Hewett and T.G. Rizzo, Low-energy phenomenology of superstring inspired E_6 models, Phys. Rep. 183 (1989) 193.

[2] R.W. Robinett, On the mixing and production of exotic fermions in E_6, Phys. Rev.

D 33 (1986) 1908.

[3] J. Maalampi and M. Roos, Physics of mirror fermions, Phys. Rep. 186 (1990) 53.

[4] K. Zuber, On the physics of massive neutrinos, Phys. Rep. 305 (1998) 295 [hep-ph/9811267].

[5] F. Wilczek, Beyond the standard model: this time for real, Nucl. Phys. 77 (Proc.

Suppl.) (1999) 511 [hep-ph/9809509].

[6] Particle data group, Review of particle physics, Eur. Phys. J. C 3 (1998) 1.

[7] J. Erler and P. Langacker, Status of the standard model, hep-ph/9809352.

[8] P. Langacker, in Precision test of the Standard Model, P. Langacker ed., World Scientific, Singapore 1995, p. 883 P. Bamert, C.P. Burgess, J.M. Cline, D. London and E. Nardi, R_b and new physics: a comprehensive analysis, Phys. Rev. D 54 (1996) 4275 [hep-ph/9602438].

[9] P. Chiappetta, J. Layssac, F.M. Renard and C. Verzegnassi, Hadrophilic z’:a bridge from lep1, slc and cdf to lep2 anomalies, Phys. Rev. D 54 (1996) 789 [hep-ph/9601306];

G. Altarelli, N.D. Bartolomeo, F. Feruglio, R. Gatto and M.L. Mangano, R_b, R_c and jet distributions at the Tevatron in a model with an extra vector boson, Phys. Lett. B 375 (1996) 292 [hep-ph/9601324];

B. Holdom, New third family flavor physics: vertex corrections, Phys. Lett. B 351 (1995) 279 [hep-ph/9502273].

[10] C.-H.V. Chang, D. Chang and W.-Y. Keung, Solutions to the R_b, R_c and α_s puzzles by vector fermions, Phys. Rev. D 54 (1996) 7051 [hep-ph/9601326]; E. Ma, Increasing R_b and decreasing R_c with new heavy quarks, Phys. Rev. D 53 (1996) 2276 [hep-ph/9510289];

T. Yoshikawa, The effects of a vector-like doublet as the fourth generation to R_b, Prog. Theor. Phys. 96 (1996) 269;

G. Bhattacharyya, G.C. Branco and W.-S. Hou, R_b-R_c crisis and new physics, Phys. Rev. D 54 (1996) 2114 [hep-ph/9512239].

[11] E. Nardi, E. Roulet and D. Tommasini, New neutral gauge bosons and new heavy fermions in the light of the new lep data, Phys. Lett. B 344 (1995) 225 [hep-ph/9409310].

[12] D. London, in Precision test of the Standard Model, P. Langacker ed., World Scientific, Singapore, 1995, pg. 951 P. Bamert, C.P. Burgess and I. Maksymyk, New physics and recent high precision electroweak measurements, Phys. Lett. B 356 (1995) 282 [hep-ph/9505339].

[13] Particle data group, Review of particle physics, Eur. Phys. J. C 3 (1998) 1, and 1999 off-year partial update for the 2000 edition available on the PDG WWW pages.

[14] J. Erler and P. Langacker, Implications of high precision experiments and the CDF top quark candidates, Phys. Rev. D 52 (1995) 441 [hep-ph/9411203].

[15] A. Czarnecki and W.J. Marciano, Parity violating asymmetries at future lepton colliders, Int. J. Mod. Phys. A 13 (1998) 2235 [hep-ph/9801394].