arXiv:hep-ph/0503196 v1 19 Mar 2005

Mass relations among family members of quarks and leptons

Amjad Hussain Shah Gilani National Center for Physics Quaid-i-Azam University Islamabad 45320, Pakistan Email: ahgilani@yahoo.com

Abstract

The various mass relations among members of quark and lepton families are given. Three mass relations for the charm, beauty, and top quark family members are given and three mass relations for the electron, muon, and tau lepton family members are presented.

Quantum Choromodynamics (QCD), the theory of strong interactions, is unique among physical theories in its combination of logical closure and empirical success. In the asymptotic Bjorken limit, the study of the properties of strong interactions has proved to be one of the most creative ideas [1]. In Regge asymptotics, the number of partons increases rapidly due to QCD bremsstrahlung, relatively little work has been done. This limit of strong interactions, which we shall call the Regge limit, was studied intensively in the 60’s and indeed led eventually to string theory [2]. The rapid growth in the number of partons due to QCD bremsstrahlung in the leading logrithmic approximation is described by the BFKL equation [3]. There is a sense in which QCD is better than it has to be. It is not a complete theory of the world. Even within the standard model quarks have additional interactions, beyound QCD, that become significant – indeed, problematic – at short distances [4]. In the words of Professor Frank Wilczek, “I find QCD disturbing that it takes vast computer resources, careful limiting procedures, to simulate the mass and properties of a proton with decent accuracy. And for real time dynamics, like scattering, the situation appears pretty hopeless. Nature, of course, gets such results fast and effortlessly. But how, if not through some kind of computation, or a process we can mimic by computation ? [4]”.

QCD offers a rich set of phenomena, which are not yet really understood. At a more fundamental level, three properties of QCD are most striking. Two are connected to the fermionic content of the theory: the breaking of chiral symmetry and the axial anomaly. The first phenomenon gives rise to the proton mass of nearly 1 GeV, while the quarks making it up have masses only of the order of MeV. This can be understood as due to spontaneous breaking of the approximate chiral symmetry of the lightest quarks and is also well known in other models. The axial anomaly is connected to a true quantum anomaly, and e.g. gives rise to the anomalous large mass of the η^′ meson. The third property is confinement, the absence of the colored degrees of freedom from the physical spectrum. It is this property which significantly shapes the low-energy reality of daily life while simultaneously being least understood of all the genuine non-perturbative effects of QCD. At the same time it is one of the properties which has been measured with the highest precision available: Free quarks have a unique experimental signature due to their fractional electric charge. The absence of such objects in nature has been established at a precision of the order of 1:10^{30}. The true non-perturbative nature of QCD is the reason for the complications in the study of these phenomena. Perturbation theory describes strong effects reasonably well only at energies larger than a few GeV, the precise scale depending on the process. At smaller energies, which ultimately govern hadron and nuclear physics, the interaction is so strong that perturbation theory is not applicable. Extensive results are available from model calculations, e.g. A non-linear theory of strong interactions [5], The interacting gluon model [6], etc. Recently, a new model for strong interactions is presented which establised the concept from set theory and constrained from group theory [7, 8, 9, 10, 11]. In the color charge structure of gluons, a group property violation was observed [7] which become the cause to set up the new model. This exactly predict the octet gluon structure and their charge structure, which gives the indication that the QCD is an extended version of electroweak theory [8]. The quarks and leptons family structure is presented in Ref. [9] along with the nature of all the four forces, i.e. Casimir force, gravitational force, electroweak force and strong force. This gives the unified nature of all the four forces. Where did we make mistake ?, is elaborated in Refs. [10, 11]. Mass relations among quark families and among lepton families are discussed in Ref. [12].

In the present study we obtain the various mass relations among members of quark and lepton families. The mass relations for the charm, beauty, and top quark family members are

m_c0 : m_cr : m_cg : m_cb : m_cz : m_cb̄ : m_cḡ : m_cr̄ = √ 3 4 : √ 19 4 : √ 31 4 : √ 7 4 : √ 35 4 : √ 19 4 : √ 7 4 : √ 31 4 , m_b0 : m_br : m_bg : m_bb : m_bz : m_bb̄ : m_bḡ : m_br̄ = 1 2 : 3 2 : √ 3 2 : √ 3 2 : 3 2 : 1 2 : √ 7 2 : √ 7 2 , m_t0 : m_tr : m_tg : m_tb : m_tz : m_tb̄ : m_tḡ : m_tr̄ = 1 √ 2 : √ 3 2 : √ 3 2 : √ 3 2 : 3 √ 2 : √ 3 2 : √ 3 2 : √ 3 2 . The mass relations for the electron, muon and tau lepton family members are m_e0 : m_er : m_eg : m_eb : m_ez : m_eb̄ : m_eḡ : m_er̄ = √ 3 4 : √ 19 4 : √ 7 4 : √ 31 4 : √ 35 4 : √ 7 4 : √ 31 4 : √ 19 4 , m_μ0 : m_μr : m_μg : m_μb : m_μz : m_μb̄ : m_μḡ : m_μr̄ = 1 2 : 1 2 : √ 7 2 : √ 7 2 : 3 2 : √ 3 2 : √ 3 2 : 3 2 , m_τ 0 : m_τ r : m_τ g : m_τ b : m_τ z : m_τb̄ : m_τ ḡ : m_τ r̄ = 1 √ 2 : √ 3 2 : √ 3 2 : √ 3 2 : 1 √ 2 : √ 3 2 : √ 3 2 : √ 3 2 . Many of friends and colleagues asked a question: What will you say about the experimental facts which are explained with the help of different theories, like QCD etc ? I can only resemble an accurate theory like an accurate balance. If a balance is not accurate, how can we weigh with its help accurately ? The similar will be the case with an approximated theory, you can predict few of the experimental results with the help of one theory and for the rest of facts you need other theories and so on. There will be no end of new theories for every new phenomena. But an accurate theory will solve all the problems and predict the data accurately. Massless QCD is an approximated theory which based on the assumption 3^2 − 1 = 8 and its draw backs we have already discussed in Ref. [11]. The experimental results [13, 14, 15, 16] will never be explained correctly with the help of such approximated theories. Then, to approach experimental results we need higher order corrections [17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27]. Even then we are unable to predict the exact experimental results [28]. A fundamental theory that we believe offers an extremely complete and accurate set of equations governing the structure and behavior of matter in ordinary circumstances.

References

[1] F. Wilczek, Asymptotic freedom: from paradox to paradigm, [hepph/0502113] [2] R. Venugopalan, The color glass condensate: an overview, [hepph/0502190] [3] E. A. Kuraev, L. N. Lipatov, and V. S. Fadin, Sov. Phys. JETP 45 (1977) 199 [Zh. Eksp. Teor. Fiz 72 (1977) 377]; I. I. Balitsky, and L. N. Lipatov, Sov. J. Nucl. Phys. 28 (1978) 822 [Yad. Fiz. 28 (1978) 1597] [4] F. Wilczek, QCD and natural philosophy, [physics/0212025] [5] T. H. R. Skyrme, A non-linear theory of strong interactions, Proc. Roy.

Soc. Lond. A 247 (1958) 260 [6] F. O. Duraes, F. S. Navarra, and G. Wilk, The interacting gluon model:

a review, [hep-ph/0412293] [7] A. H. S. Gilani, Are gluons massive ?, [hep-ph/0404026] [8] A. H. S. Gilani, The value of color charges and structure of gauge bosons, [hep-ph/0410207] [9] A. H. S. Gilani, How many quarks and leptons ?, [hep-ph/0501103] [10] A. H. S. Gilani, Why does group theory fail to describe charge structure of particles ? [hep-ph/0502055] [11] A. H. S. Gilani, Why does set theory necessary to describe charge structure of particles ? [hep-ph/0502117] [12] A. H. S. Gilani, Mass relations among quarks and/or leptons [hepph/0503025] [13] T. E. Coan et al. [CLEO Collaboration], Phys. Rev. Lett. 84, 5283 (2000) [arXiv:hep-ex/9912057].

[14] S. Nishida et al. [Belle Collaboration], Phys. Rev. Lett. 89, 231801 (2002) [arXiv:hep-ex/0205025].

[15] B. Aubert et al. [BABAR Collaboration], [arXiv:hep-ex/0308021].

[16] Belle Collaboration, K. Abe et al., BELLE-CONF-0411, ICHEP04 11- 0656, [arXiv:hep-ex/0408138].

[17] H. H. Asatryan, H. M. Asatrian, and D. Wyler, NLL corrections for B-meson radiative exclusive decays, Phys. Lett. B 470 (1999) 223

[18] M. Beneke, A. P. Chapovsky, M. Diehl, and Th. Feldmann, Soft-collinear effective theory and heavy-to-light currents beyond leading power, Nucl. Phys. B 643 (2002) 431 [hep-ph/0206152]

[19] G. Buchalla, Radiative corrections to radiative B decays: Exclusive B → V γ at NLO, [hep-ph/0211381]

[20] C. Bobeth, P. Gambino, M. Gorbahn, and U. Haisch, Complete NNLO QCD analysis of B̄ → X_sl^+l^− and higher order electroweak effects, [hepph/0312090]

[21] B. Holdom and M. Sutherland, Linear and higher-order power corrections in semileptonic B decays, Phys. Rev. D 48 (1993) 5196

[22] H. M. Asatrian, H. H. Asatryan, and A. Hovhannisyan, Rare decays B̄ → X_{s(d)}γ at the NLO, [hep-ph/0401038]

[23] C. Greub, T. Hurth, and D. Wyler, Virtual O (α_s) corrections to the inclusive decay b → sγ, Phys. Rev. D 54 (1996) 3350

[24] A. Ali and A. Y. Parkhomenko, Branching ratios for B → K^∗γ and B → ργ decays in next-to-leading order in the large energy effective theory, Eur. Phys. J. C 23, 89 (2002) [arXiv:hep-ph/0105302].

[25] J.-P. Lee, Radiative B decays to the axial K mesons at next-to-leading order, Phys. Rev. D 69 (2004) 114007

[26] I. Blokland, A. Czarnecki, M. Ślusarczyk, and F. Tkachov, Next-to-next-to-leading order calculations for heavy-to-light decays, [hep-ph/0503039]

[27] F. J. Tackmann, Full-phase-space twist expansion in semileptonic and radiative B-meson decays, LBNL-57264, UCB-PTH-05/06, [hepph/0503095]

[28] Y. J. Kown and J.-P. Lee, Implications of the first observation of B → K_1γ, Phys. Rev. D 71 (2005) 014009 [hep-ph/0409133]