arXiv:0807.0917v2 [hep-ph] 14 Jul 2011

NMSGUT II : Fermion fits and soft

supersymmetry Spectra

Charanjit S. Aulakh^{a,∗} and Sumit. K. Garg^{a,b}

a Dept. of Physics, Panjab University Chandigarh, India b Centre for High Energy Physics, Indian Institute of Science, Bangalore, India

ABSTRACT

We explore fits of the 18 available fermion mass-mixing data in terms of the superpotential parameters of the NMSGUT [1] and soft supersymmetry breaking parameters ({m~_f , m_{1/2}, A_0, M^2_{H,H̄} }) specified at the MSSM one loop unification scale M^0_X = 10^{16.25} GeV. Our fits are compatible with Electro-weak symmetry breaking and Unification constraints and yield right handed neutrino masses in the Leptogenesis relevant range : 10^8 −10^{13} GeV. Matching the SM data requires lowering the the strange and down quark yukawas in the MSSM via large tan β driven threshold corrections and characteristic soft Susy breaking spectra. The fits use Susy threshold corrections driven by the soft supersymmetry breaking parameters renormalized down to M_Z and calculated in the flavour diagonal approximation. The susy spectra have gauginos well below 1 TeV, light pure Bino LSP and large μ, A_0, M_{H,}¯_H parameters ∼ 100 TeV. Typically third generation sfermions are much heavier than the first two generations. The parameter sets obtained are used to calculate B violation rates which are found to be generically much faster(∼ 10^{−27} yr^{−1}) than the current experimental limits. Improvements which may allow GUT consistent soft parameters as well as acceptable B violation rates are identified.

∗E-mail: aulakh@pu.ac.in

1 Introduction

Grand Unification has long retained its attractive status as the most audacious extrapolation of the structural logic of the Standard Model which is not so hyperbolic as to have lost the possibility of ever satisfying common and well established demands of the scientific method (such as falsifiability). It enjoys the support of all of the clear clues about beyond Standard Model(SM) physics that have so far emerged. Yet only infrequently, if at all, have there been attempts to fully specify a Grand Unified model at a level of detail approaching the SM, so as to be able to confront the fully specified model with all the experimental data in hand and to extract the consequences thereof without the aid of egregious assumptions. The commonly accepted necessity of invoking Supersymmetry in order to ensure the stability of the parametrization of physics in the extreme Ultraviolet has drawn an additional veil, woven of the plethora of unknown supersymmetry breaking parameters, over the portal to the Grand Desert at the scale(M_S ) where supersymmetry is (softly) broken. In the epoch of the ‘discovery machine’ LHC we still lack well defined candidate patterns of M_S ∼ 1 T eV scale physics which are well correlated with any specific supersymmetric GUT. In this paper we delineate emergent patterns associated with the so called minimal renormalizable Supersymmetric SO(10) models(MSGUTs)[3, 4, 5, 6, 7, 8, 9, 10] which are arguably the best motivated and well defined of supersymmetric GUTs. We numerically investigate to what extent the mass formulae and unification constraints, written directly in terms of the fundamental GUT parameters[1, 2], can accommodate the known fermion mass data, the constraints of unification and the limits from exotic processes and extract information about the NMSGUT- SUGRY-NUHM parameters at M_X as well as the corresponding predicted values of masses and couplings in the low energy regime.

The question whether the renormalizable Supersymmetric SO(10) GUT based on the Higgs set 210 ⊕ 10 ⊕ 120 ⊕ 126 ⊕ 126 (i.e the so called Next or New Minimal Supersymmetric GUT NMSGUT [1] is capable of encompassing fermion mass-mixing data has received much attention lately [9, 10, 11, 12, 13, 14, 15, 1]. In particular the demonstration that generically feasible neutrino mass patterns could not actually be realized[9, 10] in the classic MSGUT[3, 4] highlighted the possibility and necessity of using GUT specific mass formulae. In particular the generic sub-dominance[9, 10] of the Type II seesaw in the MSGUT suggested[10, 11, 12] that by using very small 126 couplings to lower the right handed neutrino masses one might enhance the Type I Seesaw masses which were otherwise generically ∼ v^2_W /M_X < 1 meV and thus too small to account for the measured neutrino oscillation data. This could be possible only if the CKM structure were generated by using also the third possible fermion mass generating Higgs representation i.e the 120 in addition to the 10. However this idea almost immediately faced a challenge[16] which showed(numerically) that the fit to charged fermion data using only 10 and 120 representations always failed badly to account for the down and strange quark yukawa couplings at M_X . These yukawas always came out much too small if the 3rd generation was fitted correctly. In retrospect this failure was to be expected since the 126 contains the Higgs irreps required to implement the Georgi-Jarlskog[17] mechanism that can account for y_μ/y_Σ(M_X ) ∼ 3 in terms of the vev of the (15,1,1) sub-rep of the 126 and third generation yukawas dominated by the 10-plet. Till recently these discussions –in the ‘MSGUT community’ –proceeded under the somewhat sanguine assumption that the appropriate uncertainties for the fitting exercise could be estimated by ignoring all threshold corrections right up to the GUT scale and hence were essentially the extrapolated errors at the low scale : thus for example the lepton masses were sought to be fitted to one part in a million or better[18]. In fact however it has been known[19, 20] from the early days of (large tan β) b − τ − t unification that the T_{3L} = −1/2 charged fermions suffer large threshold corrections. The relevance of these corrections for estimating the uncertainties in the GUT scale fermion masses has recently been re-emphasized[21, 22]. In[2] we showed that in order to obtain fits that were compatible with the NMSGUT it would be necessary to search for fits using the detailed NMSGUT specific formulae developed by us in [1] since the the generic parameters used in [13, 14] were in fact subject to highly non-trivial constraints (due to their origin in the NMSGUT) that were in practice unverifiable since they could not be inverted. The NMSGUT like other SO(10) GUTs prefers large tan β to naturally explain third generation charged fermion yukawas (y_t, y_b, y_τ ) as nearly equal due to their domination by the 33 component of the 10-plet yukawa coupling. In this paper we shall see that the NMSGUT also requires large tan β ∼ 50 to drive threshold corrections that lower the values of the down and strange quark yukawa couplings in the MSSM by a factor of about 5 while preserving, or rather slightly raising, the bottom quark yukawa coupling in the MSSM. We have used the diagonal Susy threshold correction formulae[19, 20, 23, 25, 22] to force the SM down and strange fermion yukawas at M_Z to match the rather low values at M^0_X = 10^{16.25} GeV found by our “downhill simplex” search and fitting program (after running them down from M_X using the two loop Renormalization Group(RG) equations [26] to M_S ∼ M_Z ); we also include running of the d = 5 Weinberg operator[27, 28] but not any right handed neutrino thresholds. This fitting determines characteristic patterns(but not the overall scale) of Susy breaking parameters at M_S ∼ M_Z and thus a distinctive phenomenology for the NMSGUT potentially verifiable or falsifiable at the LHC. The constraints may become acute if LHC discovers at least one of the susy particles and anchors the floating scale of the susy breaking soft mass patterns required in our model.

The analytic solution of the fitting equations, is practically inconceivable in view of their staggering nonlinearity[1, 2] even in the case of generic fits, although a perturbative approach [11, 12] may now work(see Section 3) at tree level. As explained in [1, 2] the fitting problem becomes much more complex when formulated in terms of the actual parameters of the underlying GUT. We used numerical algorithms (based on the so called downhill simplex method of Nelder and Mead[29]) which incorporate our explicit (but complicated) MSSM fermion yukawa formulae [1]in terms of NMSGUT parameters. We searched for plausible parameter sets for the NMSGUT while demanding that the parameters be compatible with both the known fermion data and the requirements of unification, besides plausible criteria such as perturbativity.

The NMSGUT, has 38 free superpotential parameters in the complex case. In addition to these there are the soft susy breaking parameters which we restrict by assuming they obey the GUT symmmetry and and are of the form dictated by minimal supergravity but allowing non universal Higgs masses (SUGRY-NUHM). Even with the assumption that the parameters of the NMSGUT superpotential are real (save the parameter that is fine tuned to keep one pair of doublets light), and thus only 23 in number, there are still 5 more parameters than available data {m_{u,c,t}, m_{d,s,b}, m_{e,μ,τ} , Δm^2_{12}, Δm^2_3, θ^q_{12,23,13}, δ^{CKM} , θ^{P MNS}_{12,23,13}} together with a bound: θ^{P MNS}_{13} < 13^∘ [31] ; three leptonic CP phases and the absolute value of one neutrino mass remain unknown for the moment. Additional constraints may be expected to emerge when one examines the compatibility of the fundamental parameters with the emergent data. In the foreseeable future we may have access to another Neutrino angle and phase as well as a neutrino mass and also obtain information about the pattern of spartner masses at LHC. Moreover there are a number of precision tests (e.g the muon magnetic moment anomaly) and exotic process amplitudes(e.g B,L violating amplitudes, b → sγ etc) that can be calculated within a complete theory such as the NMSGUT with soft Susy parameters specified. All these may also be regarded as constraints upon the search for NMSGUT and soft Susy breaking parameter values compatible with all data. The parameters are also subject to various structural constraints such as the requirements of unification on α_S (M_Z )[32], M_X , and of neutrino masses on M_{B−L} (via the Seesaw mechanisms naturally operative in SO(10) GUTs[33, 5, 7]). M_X and M_{B−L} are in fact closely related through their dependence on the single scale spontaneous symmetry breaking in the NMSGUT(shared with renormalizable SO(10) GUTs generally[3, 5, 33]).

A significant improvement relative to the initial version of this paper[34] is that we carried out the fitting in terms of soft susy breaking parameters at M_X that manifestly respect the SO(10) GUT structure. We generated the soft susy breaking terms from the values of {m_0, m_{1/2}, A_0, B, M^2_{H,H̄} }(M_X ) together with μ(M^0_X ) by imposing Electro-weak symmetry breaking (at one loop) at M_Z and required that the soft susy breaking parameters give threshold corrections(after renormalization down to M_S = M_Z ) adequate to modify the yukawa couplings of the SM to MSSM values that are compatible with the NMSGUT generated yukawas. This two scale fitting is achieved by the usual iterative process that loops from low to high scales and back[35]. The Susy breaking parameters we use are universal in the sense that we take common sfermion masses and A_0 parameter for all three generations (contained in three SO(10) 16-plets ). The light Higgs masses derive from the soft masses of several NMSGUT Higgs multiplets and are thus justifiedly taken to be independent of the sfermion mass parameter. EW symmetry breaking is used to fix the (modulus of the ) μ and the B (soft equivalent of μ) parameters at M_Z (the corresponding values at M_X are then easily inferred from the RGE flow). Thus we have just 5 independent soft supersymmetry breaking parameters at M_X . Of course if one allows oneself further latitude the fitting becomes easier.

A fit of the fermion spectrum achievable at the GUT scale in the NMSGUT requires Susy breaking parameters with characteristic(non-unique) mass patterns. Although the overall mass scale of supersymmetry breaking cannot be predicted the inter-relationship between the various susy parameters required by the susy threshold corrections is sufficiently tight to imply that given one of the susy mass parameters the magnitudes of the others will be constrained. If the LSP emerges in the 100 GeV range then our analysis predicts a scenario with light gauginos, heavy third generation sfermions with 1-2 generation sfermions spanning the range between the gaugino masses and the third sgeneration. Since accurate unification is the main motivation for Supersymmetry itself, the need at this juncture is for GUT driven insight into the possible mass patterns of Susy partners that might be unveiled by LHC. We offer the preferred Soft parameter patterns of the NMSGUT as our ‘bet’ in the LHC-Susy ‘sweepstakes’.

In Section 2 we briefly describe the NMSGUT and the fermion fitting formulae specific to it. Complete details can be found in [1, 2]. In Section 3 we describe our numerical procedure and then give typical fits found by our search algorithms and dissect their structure. In Section 4 we use the explicit sample sets of NMSGUT parameter values and Susy soft breaking data to estimate typical predictions of a fully specified NMSGUT for nucleon decay rates using the formalism developed in [36, 37] (and by earlier workers cited therein). We find that the rates are typically ∼ 10^{−27}yr^{−1} and are thus much larger than the experimental limits . In Section 5 we indicate the shortcomings of the results of Sections 3,4 and their resolution via an improved treatment(found in [38]) that includes GUT scale threshold corrections (principally due to the 120-plet contribution to fermion Yukawa couplings but also from 10-plet and heavy gauge fields ) as well as downhill simplex searches that include penalties to avoid regions of parameter space that give unacceptable levels of B decay. The implementation of these suggestions is described in a following paper [38]. In [38] we finally arrive at parameter sets that yield fits that justify the claim that the NMSGUT is prima facie viable (it must however still be submitted to the constraints imposed by Electric dipole moment limits and the precision flavour change constraints). However the enormity of the parameter space and the complexity of the theory implies that we must await the discovery of supersymmetry and the measurement of at least one or a few soft supersymmetry breaking parameters before this GUT can be forced into a decisive confrontation with the data. Meanwhile development of the theoretical framework must continue to remove uncertainties and instabilities due to neglected effects and approximations.

2 NMSGUT recapitulated

The NMSGUT [1] is the minimal renormalizable globally supersymmetric SO(10) GUT. It’s Higgs chiral supermultiplets consist of AM(Adjoint Multiplet) type totally antisymmetric tensors : 210(Φ_{ijkl}), 126(Σ_{ijklm}), 126(Σ_{ijklm})(i, j = 1...10) which break the SO(10) symmetry to the MSSM, together with Fermion mass (FM) Higgs 10 (H_i) and 120(O_{ijk}). The 126 plays a dual or AM-FM role since it also enables the generation of realistic charged fermion and neutrino masses and mixings (via the Type I and/or Type II Seesaw mechanisms); three 16-plets Ψ_A(A = 1, 2, 3) contain the matter including the three conjugate neutrinos (ν̄^A_L ). The superpotential (see[5, 6, 8, 7, 1] for comprehensive details ) contains the mass parameters

m : 210^2 ; M : 126 · 126; M_H : 10^2; m_O : 120^2 (1)

and trilinear couplings

λ : 210^3 ; η : 210 · 126 · 126; γ ⊕ γ̄ : 10 · 210 · (126 ⊕ 126) k : 10 · 120 · 210 ; ρ : 120 · 120 · 210 ζ : 120 · 210 · 126 ; ζ̄ : 120 · 210 · 126 (2)

In addition one has two symmetric matrices h_{AB} , f_{AB} of Yukawa couplings of the the 10, 126 Higgs multiplets to the 16_A.16_B matter bilinears and one antisymmetric matrix g_{AB} for the coupling of the 120 to 16_A.16_B. One of the complex symmetric matrices (which, as in most previous work, we choose to be h_{AB} ) can be made real and diagonal by a choice of SO(10) flavour basis. Thus initially complex Yukawas contain 3 real and 9 complex i.e 21 real parameters. If the Yukawas are taken to be real however one will have just 12 real yukawas. One out of the rest of the superpotential parameters (i.e m, M_H , M, M_O, λ, η, ρ, k, γ, γ̄, ζ, ζ̄), say M_H , can be fixed by the fine tuning condition to keep two doublets light. As explained in[5, 6, 7, 9, 10, 1] the fine tuning fixes the Higgs fractions i.e the composition of the massless electroweak doublets in terms of the (6 pairs of electroweak) doublet fields in the GUT. A subtle point here is that even if the other parameters are taken real the fine tuned M_H (which does not itself enter into the low energy lagrangian) will be complex and this obscures the issue of whether the resultant CP violation in the low energy effective theory should be considered ‘spontaneous’ or not. To avoid egregious assumptions, and since the NMSGUT is competitive with any theory that achieves as much, we have not made any restriction to real parameters.

MSGUTs[3, 4] enjoy[5, 7, 8] a crucial simplification : the GUT scale vevs and therefore the mass spectrum are all expressible in terms of a single complex parameter x which is a solution of the cubic equation

8x^3 − 15x^2 + 14x − 3 = −ξ(1 − x)^2 (3)

where ξ =^{λM}_{ηm} .

As in the case of the MSGUT one imposes the fine tuning condition DetH = 0 to keep a pair of Higgs doublets H_{(1)}, H̄_{(1)} (defined via left and right null eigenstates of the mass matrix H) light[5, 7, 10, 1]. The composition of these null eigenstates in terms of the GUT scale doublets is specified by the so called “Higgs fractions” α_i, ᾱ_i which are determined by the null eigenstates referred to above(see [1] for explicit expressions). In the Dirac mass matrices we can replace < h_i >→ α_iv_u, < h̄_i >→ ᾱ_iv_d, where v_{u,d} are the vevs of the light MSSM doublets H = H_{(1)}, H̄ = H̄_{(1)} . The fermion yukawa couplings may be read off the decomposition of 16 · 16 · (10 ⊕ 120 ⊕ 126) given in [6, 7, 10] and this yields the formulae for the MSSM yukawas (and y^{ν̄}) as well as the seesaw Weinberg operator given in in [1].

3 Numerical searches and anatomy of specimens found

We now describe our numerical procedures and application of Susy threshold corrections. We use the 2-loop RG equations for the MSSM [39, 26] to extrapolate the central values of fermion yukawa data at M_Z (including neutrino mass splitting and mixing data, see [30, 31] for recent values), up to the MSSM one loop gauge coupling unification scale M^0_X = 10^{16.25} GeV while ignoring, for the time being, complications such as righthanded neutrino and supersymmetric thresholds. In the case of the neutrino masses(Type I seesaw) we extrapolate the coefficient[27] κ_{AB} = M_ν /(2v^2_u) of the SU(2) × U(1) invariant dimension 5 operator[40, 41] that gives rise to neutrino mass when the Electroweak vev (v_u = 174 sin β GeV ; for the SM sin β is 1) is substituted for the two electroweak doublets in it. We assume that the neutrino mass hierarchy is normal and that the lightest neutrino species has a very small mass ∼ 1meV .

After two loop RG evolution[26] upto M_X we re-extract the input parameters i.e the 9 charged fermion yukawas, the 4 CKM parameters, and the 5 neutrino mass data. Using the percentage uncertainties in fermion yukawas at M_X = 10^{16.25}GeV recently re-estimated in[22], which include the large uncertainties due to large threshold effects on down type quarks and charged leptons at large tan β , we form χ^2 = ∑ i((O_i − O_i)/δO_i)^2 which compares the central values (O_i)with the values of the same parameters(O_i) calculated using the formulae described in Section 2 and normalized by the errors(δO_i) calculated by the authors[22] mentioned. The ‘down hill simplex’ or “amoeba” algorithm of Nelder and Mead[29] is then used (on this first run) to randomly troll the 38 dimensional (real) hyperspace of NMSGUT parameters.

After diagonalization of the 10-plet yukawas using the U(3) generation basis freedom with respect to the matter 16-plets and after using the rephasing freedom for Higgs fields, the parameters consist of (numbers in brackets denote the number of real parameters) {h_{ii}(3), f_{ij}(12), g_{ij}(6), η(2), ρ(2), k(2), γ(1), γ̄(1), ζ(2), ζ̄(2)} which are 33 in number and an additional 5 {m(1), m̃_o(1), |λ|(1), ξ ⇐ x(2)}. M_H has been fixed by fine-tuning the doublet masses. The randomly chosen x is used to generate ξ =^{λM}_{ηm} (using(3). ξ stands in for the real parameter M and hence the phase of λ is determined to be Arg(ξ) + Arg(η) for consistency. Note that with the rescaled form m̃_o = m_oλ/m chosen to be real the value of m_o will have the phase of λ^∗ : as seen in the Tables 1,5 below. While searching we imposed penalties to keep all the Yukawas and GUT superpotential parameters within the perturbative range and the threshold corrected unification parameters[6, 10, 1] Δ_X = ΔLog_{10}M_X , Δ_G = Δα^{−1}_G (M_X ), Δ_3 = Δα_3(M_Z ) within reasonable limits (see [1] for a detailed discussion) :

− 22.0 ≤ Δ_G ≡ Δ(α^{−1}_G (M_X )) ≤ 25

2 ≥ Δ_X ≡ Δ(Log_{10}M_X ) ≥ −0.3 −.015 < Δ_3 ≡ α_3(M_Z ) < −.004 (4)

It is worth emphasizing that the single superheavy mass scale m (the 210 mass parameter in the superpotential) of the NMSGUT, which controls both Baryon violation and neutrino masses, is determined by the RG analysis that fixes Δ_X [10, 1]. In spite of this the couplings of the 126 confer a freedom to lower right handed neutrino masses and thus raise the light neutrino masses to acceptable values.

The programs were written in FORTRAN95 and run on PC’s with a random starting point. The solutions found on the first run (before applying the Susy threshold corrections to lower y^{MSSM}_{d,s} ) present the following salient features :

• Neutrino masses and large mixing angles were accurately fitted.

• The values of the 126 couplings were so tiny that the three righthanded neutrino masses were much lighter than M_X and spanned the range ∼ 10^8 − 10^{13}GeV , just as conjectured by us earlier [10, 11, 12]. Note that this is just the range required by most (Type I) Leptogenesis models.

• The bulk(over 85%) of the residual χ^2 typically consisted of errors in the d,s quark yukawa couplings with a further 10% or so coming from the bottom mass.

• In contrast to the first version of this paper[34] the right handed neutrino mass scale was not independently chosen and then checked for approximate consistency but taken to be the exact expression dictated by the NMSGUT vevs[1].

Having found solutions acceptable except for the small down and strange quark yukawas, we extrapolate the fermion yukawas( neglecting generation mixing for simplicity) and randomly chosen supersymmetry breaking parameters at M^0_X (M_{gaugino} = m_{1/2}, m~_f = m_0, A^0, m^2_{Hu} , m^2_{Hd} ) back down to M_Z and use the diagonal yukawa couplings as targets of a downhill simplex fitting procedure that incorporates the large tan β susy threshold corrections. We use the formulae given in [23] to estimate the leading (gluino and chargino diagram) corrections to the charged fermion masses but slightly modify them using [25, 22] to also include Bino corrections. We also crosschecked that the corrections to the T_{3L} = −1/2 fermion masses obtained therefrom are equal within a few percent to the large tan β corrections calculated using the formulae of[25] which are in the limit of unbroken Electroweak symmetry. Although the threshold corrections to the up and charm quark yukawas(calculated using the formulae of [23]) are very small the top suffers threshold corrections ∼ 10 − 15% which must be included. Once a set of SUGRY-NUHM parameters(at M^0_X ) which gives corrected MSSM values reasonably close to the target values is found we extrapolate the corrected values back up to M^0_X and start a fresh search(starting from the last achieved values of the GUT scale parameters) for a new fit to the complete set of fermion yukawa parameters. Since the values of the threshold corrected down and strange quark yukawas are now much smaller due to the susy threshold corrections invoked to fit the small values achieved in the earlier cycle, much lower values of χ^2 can now be achieved. However it is still much easier to find fits in which sin^2 θ_{12} or sin^2 θ_{23} is very small than to find fits with both leptonic mixing angles are small. In fact the false minima in χ^2_X due to this type of solution are a trap the search program falls into repeatedly. Some years ago this could have been heard as a vox ex machina predicting the small mixing angle solution of the solar neutrino problem ! Iterations of this procedure can give fairly accurate fits in which the 18 data values at the high scale(M^0_X ) are fit with a total χ_X ∼ 10^{−2}. Also at the scale M_Z one may achieve (χ_Z ∼ 10^{−2}) which corresponds to an error per variable fitted of less than 1% (as well as an equally limited maximal error: see Tables). A tension between the threshold corrected values of y_b(M_Z ) which are lower than the values required by the fit using NMSGUT formulae is often noted (see e.g. [45]) when A_0, μ are small and there are thus only small threshold corrections. This is even used to argue for negative values of μ. However since we have allowed quite a large little hierarchy and large A_0 values we can in fact operate with central values m_b(M_Z ) = 2.9 GeV as also for all the other SM and neutrino oscillation parameters. In this sense the region of susy breaking soft parameters we focus on seems quite distinct and novel compared to most earlier studies.

3.1 Susy Threshold Corrections

A complete evaluation of 1-loop radiative corrections for the MSSM in the absence of generation mixing is available in [23] and is an invaluable and essential reference for our work. The approximations(to their own exact 1-loop results) of [23] are however used in our actual calculation with the modification that for the down type (T_{3L} = −1/2) fermions we also add the Bino correction given in [22] to the chargino and gluino corrections considered in the approximation advocated in [23]; in any case difference is very small. The two give closely similar results. As in [23], we use the gluon and squark-gluino correction to correct the top quark yukawa from that given by the pole mass and apply the squark-gluino corrections to the running up and charm quark yukawa couplings since these corrections are not insignificant either.

We next summarize the approximations to the 1-loop threshold corrections computed in [23]. The corrections are computed in the absence of generation mixing. The dominant corrections to the top quark yukawa are the gluon and squark-gluino loops. To estimate the leading corrections to the top quark yukawa y_t, they set the electroweak couplings and the yukawas to zero : g = g^′ = 0 and y_t = y_b = 0 and simplify the resulting expressions by setting the external momenta p^2 = 0 because m_t is much smaller than a typical squark or gluino mass. In that limit, the physical top quark mass is given by

m_t = m̂_t(Q) [ 1 + Δm_t m_t ] , (5)

The one-loop correction^{Δmt}_{mt} , computed in the MSSM, receives two important contributions. The first is the gluon correction ( they perform DR scheme renormalization, so the 1/ϵ̂ poles are subtracted) (Δm_t m_t )_{tg} = g^2_3 6π^2 [ 2B_0(m_t, m_t, 0) − B_1(m_t, m_t, 0) ]

= g^2_3 12π^2 [ 3 ln ( Q^2 m^2_t ) + 5 ] . (6)

The renormalization scale Q is always chosen to be M_Z . The second correction comes from the top squark/gluino loops, ( Δm_t m_t )~_{tg̃} = − g^2_3 12π^2 { B_1(0, m_{g̃}, m~_{t1} ) + B_1(0, m_{g̃}, m~_{t2} )

− sin(2θ_t) ( m_{g̃} m_t ) [ B_0(0, m_{g̃}, m~_{t1} ) − B_0(0, m_{g̃}, m~_{t2} ) ]} (7) where θ_t is the top-squark LR mixing angle (for any sfermion mixing angle θ_f : tan 2θ~_f = 2(M^2_{LR}/(M^2_{LL} − M^2_{RR}))_f and the approximate forms of the loop functions are :

B_0(0, m_1, m_2) = − ln ( M^2 Q^2 ) + 1 + m^2 m^2 − M^2 ln ( M^2 m^2 ) , (8)

B_1(0, m_1, m_2) = 1 2 [ − ln ( M^2 Q^2 ) + 1 2 + 1 1 − x + ln x (1 − x)^2 − θ(1 − x) ln x ] , (9)

with M = max(m_1, m_2), m = min(m_1, m_2), and x = m^2/m^2_1.

For the bottom quark it is appropriate to use the running mass at Q = M_Z and thus to absorb the gluon corrections in the running bottom quark mass. Taking the bottom quark pole mass m_b = 4.9 GeV, and α_s(M_Z ) = 0.118, they find the standard-model DR value m̂_b(M_Z )^{SM} = 2.92 GeV. See [30] for a recent review of accurate RG corrected fermion yukawas.

As in the case of the top quark we then interpret the relation between the SM and MSSM masses(yukawas) as :

m̂_b(M_Z )^{SM} = m̂_b(M_Z ) [ 1 + ( Δm_b m_b )_{massive} ]

. (10)

instead of the (perturbatively) equivalent form quoted in [23]

m̂_b(M_Z ) = m̂_b(M_Z )^{SM} [ 1 − ( Δm_b m_b )_{massive} ]

. (11)

This is appropriate since the radiative corrections should be calculated consistently in terms of the MSSM couplings. Ignoring the small W , Z, Higgs, and neutralino contributions leaves the squark/gluino and squark/chargino loops : ( Δm_b m_b )_{massive} = ( Δm_b m_b )~_{bg̃} + ( Δm_b m_b )~_{tχ̃}^+

. (12)

Setting p^2 = 0, the squark/gluino contribution is again given by (7), with the substitution t → b. To approximate the squark/chargino contribution, they set g = g^′ = y_b = y_t = 0, except for terms that are enhanced by the Higgsino mass parameter μ or by tan β. The chargino masses are set to the Wino mass M_2 and μ, respectively (this is an excellent approximation in all the parameter sets we will actually find since μ >> M_2, m_t). In this case squark/chargino loops give rise to the following terms for the down quarks(with similar formulae also for down type charged leptons) ( Δm_b m_b )~_{tχ̃}^+ = y^2_t 16π^2 μ A^0_t tan β − μ m^2_{t̃2} − m^2_{t̃1} [ B_0(0, μ, m~_{t1} ) − B_0(0, μ, m~_{t2} ) ]

− g^2 16π^2 { μM_2 tan β μ^2 − M^2_2 [ c^2_t B_0(0, M_2, m~_{t1} ) + s^2_t B_0(0, M_2, m~_{t2} ) ]

+ (μ ↔ M_2) } , (13)

where B_0(0, m_1, m_2) is defined in (8), and c_t (s_t) is cos θ_t (sin θ_t) and we have changed the sign of μ since our convention is opposite to that of [23].

The same formulae, mutatis mutandis, can be used for the down and strange quarks and, dropping the gluino correction and neutrino dirac coupling, for the T_{3L} = −1/2 leptons. In a slight improvement we also add the Bino corrections for the T_{3L} = −1/2 fermions taken from the formulae quoted in [22] :

Δm_i/(m_i tan β) = 1 16π^2 [ g^{′2} 6 M_1 μ ( H_2(v~_{Qi} , x_1) + 2H_2(v~_{di} , x_1) ) + g^{′2} 9 μ M_1

H_2(w~_{Qi} , w~_{di} ) ] (14) where u~_f = m^2_{f̃} /M^2_3 , v~_f = m^2_{f̃} /μ^2, w~_f = m^2_{f̃} /M^2_1 , x_1 = M^2_1 /μ^2 and x_2 = M^2_2 /μ^2 for i = d, s, b. All mass parameters are assumed to be real. H_2 is defined as

H_2(x, y) = x ln x (1 − x)(x − y) + y ln y (1 − y)(y − x) . (15)

H_2 is negative for positive x and y and |H_2| is maximal, if its arguments are minimal, and vice versa.

The main point to note is that due to large tan β, for the b quark, a large (MSSM yukawa lowering) gluino correction can be cancelled and even overcome by a large A_0y_t driven chargino correction to a degree that it alleviates the known tension[45] between the value of m̂^{SM}_b from experiment and the value m̂^{MSSM}_b required by SO(10) grand unification. The same is not true for the down and strange quark due to the small yukawas, so that for them the gluino correction serves just to lower the SM yukawa couplings as needed to match the MSSM/GUT values. Conversely for the charged leptons there are no gluino corrections. The structure of the threshold corrections is thus just what is needed to alleviate the problems that arise in SO(10) yukawa unification including those specific to the NMSGUT. It is is easy to check that the down and strange Yukawas can be significantly lowered(ϵ_G > 1) only by the gluino correction with a large positive value of the ratio μ/M_3. There is a preference for lower values of squark masses for the first two generations. On the other hand for the third generation one has the opposite problem : the desired value of ŷ^{MSSM} b (M_Z ) corresponds to m̂^{SM}_b (M_Z ) at least as large as 3.15 GeV whereas the actual central value is about 2.9 ± .2 GeV . Thus one needs to countervail against the gluino correction and a large value of A_t can accomplish this. In this paper we have confined ourselves to searches where μ is real and positive, thus A_0 emerges negative and large. Although we allow the initial gaugino mass parameter at M_X to be negative (and negative values are indeed chosen by the search algorithm) the low energy values are always positive. Moreover note that the large values of A_0 used cause the gaugino mass ratios at M_Z to vary considerably from the approximately 1:2:7 (i.e 1 : g^2 /g^2_1 : g^2_3/g^2_1 ) ratio expected on the basis of one loop RG flow down to M_Z from universal gaugino mass boundary condition we use at M_X . The range of possibilities for these ratios that we actually encounter in our work -given that A_0, m~_f are always large - is so different from that encountered at small values of these parameters that the oft advocated abandonment of the universal gaugino mass condition at M_X to achieve such diversity seems ill advised till it has indeed been verified that suitable large values of A_0 etc will not serve equally well. For instance light neutralino (m_χ0 < 30 GeV) scenarios combined with chargino masses greater than 100 GeV would be disfavoured if this ratio were immutable even after including two loop effects, but it is not. Finally we note that the third generation sfermion masses are driven to large values by the large negative values of the Higgs mass-squared parameters which occur (already at one loop) multiplied with the Yukawa couplings squared in the RGE for sfermion masses squared. This enabling feature is discussed more completely in [38](Appendix B).

For completeness, we also mention the 1-loop Electroweak symmetry breaking conditions that we imposed :

μ^2 = 1 2 [ tan 2β ( m^2_{H2} tan β − m^2_{H1} cot β ) − M^2_Z ]

B = 1 2 ( tan 2β (m^2_{H2} − m^2_{H1} ) − M^2_Z sin 2β ) (16)

where H_2 ≡ H, H_1 ≡ H, m^2_{H1} = m^2_{H1} − t_1/v_1, m^2_{H2} = m^2_{H2} − t_2/v_2 and t_{1,2} are tadpoles of the one loop effective potential calculated using a subroutine taken from the SPheno susy spectrum code[50] based on the formulae of[23]. Note that the Higgs scalar masses we quote are also output from Spheno[50] subroutine that however uses the method of [24]. Thus the pseudo-scalar mass M_A is computed from the one loop corrected value of B in eqn.(16) above using the tree level relation (M^2_A = 2B/ sin 2β) while the Higgs scalar masses are computed using from the effective potential masses as mentioned. The 1-loop pole masses for these particles require also computation of the self-energies[23] which are not included here.

It seems then that the NMSGUT with viable type I seesaw masses is inescapably linked to third generation squarks more massive than the first two generation squarks, large negative values of the trilinear scalar parameters and also a large μ parameter. Although such distinctive requirements on the soft sector are welcome we should recognize that they do imply a considerable degree of fine tuning to assure viable electroweak symmetry breaking : as will be visible in the small value of the ratio M_W /μ ∼ 10^{−4} − 10^{−5}. However it should be noted that such a fine tuning is generally needed by large tan β models. In contrast with the first version of this paper(where we searched the soft susy parameter space at M_S ) we have now achieved fits to the required low values of y_{d,s} using constrained SUGRY-NUHM susy breaking 7 element (i.e m_{1/2} = M_{gaugino}, m~_f = m_{16}, A_0, M^2_{H,H̄} , μ, B) parameter sets specified at M_X . The first 5 parameters are chosen directly at M_X by the random search while the parameters μ(M_X ), B(M_X ) are fixed by first imposing the one loop corrected EWRSB conditions at M_Z (calculated using a subroutine taken from the program SPheno[50]) to fix μ(M_Z ), B(M_Z ) to ensure acceptable Electro-weak symmetry breaking with the given tan β and vacuum expectation values and then running these back up to M_X . Notice that the freedom to do this due to the non dependence of the RG flows of the rest of the couplings and masses, on the μ, B RG flows. This is a crucial enabling feature of RG flows in Susy GUT scenarios. The non-universal Higgs mass parameters used are justifiable even in the Grand Unified context since the light Higgs doublets arise as a mixture of 6 doublets from 5 different GUT Higgs multiplets namely the 10, 120, 126, 126, 210. The GUT symmetry justifies assuming distinct soft masses for each representation and the light doublets are linear combinations of Higgs doublets from 5 sources in the GUT (with coefficients determined by the unitary matrices that diagonalize the doublet mass matrices). Thus two Non universal Higgs Masses as a part of the 5 parameter freedom to choose soft masses for the 5 GUT Higgs that contribute to the doublets are certainly conceivable.

Of course we have absolutely no idea of the mechanism and scale of superymmetry breaking. It is even argued that supersymmetry breaking need not respect Grand Unification, although it is hard for us to envisage this possibility in a Grand Unified microscopic theory. Thus the freedom to choose Susy breaking parameters even after imposing the constraints on flavour change may be much larger than allowed by the SUGRY-NUHM type soft susy breaking parameters. In any case our ability to find adequate fits even with the handicap of SUGRY-NUHM constraints on Susy soft parameters indicates that the general case will allow fits even more easily: as indeed was found in the first version of these papers where we allowed for arbitrary soft susy breaking parameters at M_S .

It should be kept in mind that our results carry systematic errors due to the omission of various effects such as right handed neutrino thresholds (important due to their light masses ∼ 10^8 − 10^{12} GeV), mass splitting among Susy partners at M_Z , non-diagonality in the supersymmetric threshold corrections, loop corrections to scalar masses and neglect of renormalization effects from M_{P lanck} (where the soft SUGRY-NUHM parameters should presumably be specified) to M^0_X which is the high energy matching scale (between the effective low energy theory i.e the MSSM and the high energy theory [51]) we have chosen for convenience. Accounting for mutiple and disparate Susy threshold corrections also leads to errors that are quite complex to account for and can be an important source of theoretical uncertainity since in the fits we find there is a wide range of soft susy breaking masses. The non diagonal threshold effects at large tan β can perhaps be calculated from the same diagrams^1 by inserting the appropriate flavour structure and diagonalization. All these improvements are required for later stages of our program. However all these effects are higher order corrections to the large diagonal modifications to y_{d,s} and the cancellation that prevents the bottom yukawa from also being strongly renormalized by gluino exchange. It seems clear that since the non-diagonal effects in both the fermionic and scalar sectors are driven by the small off diagonal yukawa couplings at M_X that we determined by fitting the quark and lepton mixings they can modify the diagonal effects only marginally. Nevertheless their presence makes it clear that one needs to be circumspect in claiming too high accuracies.

4 Examples of Soft parameters sets and Susy Spectra found

When searching for the soft parameters which would cure the d-s-b quark mass disease we imposed commonly accepted requirements on the soft parameters constraints[46] : |m̃¯_{l,L}/M_1| ≥ 0.9 ; |m̃_{q̄,Q}/M_3| ≥ 0.75 μ, |A_0| < 150 T eV ; B̃ : 80 GeV < M_1(M_Z ) < 500.0 GeV W̃ : 110 GeV < M_2(M_Z ) < 1000.0 GeV

g̃ : 350 GeV < M_3(M_Z ) < 1000.0 GeV (17)

We also required all 5 physical scalar Higgs modes and all sfermions to be above 105 GeV and the Bino lighter than the lightest sfermion.

However we should note that in view of the unexplored nature of the parameter space at large A_0, μ the above choices for the exploration ranges for gaugino masses are by no means the only ones that may be viable. As we begin to explore in[38] quite different ones, with lighter neutralinos or gluinos may also emerge from our procedure and will have to be evaluated for phenomenological viability taking into account the special characteristics of the region where tan β ∼ 50, μ, |A_0|, m~_{f3} , |M^2_{H,H̄} | >> 1T eV .

1C.S.A is obliged to Ts. Enkhbat for a discussion on this subject.

We found that, firstly, the gauginos tend to seek the lower allowed limit under the pressure of the required threshold corrections. In the type of mass spectra we encounter here, the LSP (stable due to the primary virtue of R-parity preservation down to low energies [42, 33]) is pure Bino. Surprisingly it (often) happens that the smuon emerges lighter than the Bino and this needs to be avoided by a penalty in the search to avoid a charged stable LSP. It is interesting that a tendency to such a pairing of a Bino LSP and light smuon may make the Bino an effective dark matter candidate by providing an effective co-annihilation channel. We shall return to the cosmology of these models elsewhere. On the other hand, since we are still to implement loop corrections to scalar masses (which may be very significant for light sparticles) it would be wise to hold enthusiasm for a particular low tree level slepton mass in check till it survives loop corrections.

The conventional wisdom[46] that the sfermions of the third generation will be much lighter than the first two generations of squarks due to strong renormalization of the common sfermion mass at M_X by top yukawa driven effects is directly challenged by our spectra which yield third generation sfermions much heavier than the first two generations. This feature marks out such sfermion spectra as linked to the inner logic governing the fermion mass pattern in the NMSGUT and we proffer it as a prediction regarding supersymmetric physics that may be tested by LHC or its successors. The large value of the third generation scalar trilinear may also become relevant phenomenologically since it leads to large L-R mixing in the sfermion sector for the third generation and thus to enhancement of various processes suppressed by the low value of M^2_{LR} in many scenarios.

In Tables 1-10 we present the NMSGUT-SUGRY-NUHM parameters at M^0_X = 10^{16.25} GeV of two fairly precise fits to the complete fermion data. We see that the 18 observables are fitted quite well although some tension is visible in the T_3 = −^1_2 yukawa couplings. However this is done only as a proof of principle and feasibility and as an example of the typical form of non pathological exemplars of our fitting program. It would be highly premature to subscribe to any one parameter set as very specifically demanded by NMSGUT fits.

4.1 Dissecting Specimens

The basic difficulty in building a grand unified theory of fermion masses is the achievement of sufficiently large neutrino masses and the reconciliation between small CKM mixing angles and large PMNS ones. So it is interesting to dissect the solutions we have found to see how exactly they circumvent the difficulties typically encountered[9, 10, 11, 12]. The roles played in the effective matter fermion Yukawa couplings Y^{u,d,e} and the Weinberg d = 5 neutrino mass operator coefficients κ_{AB} by the Yukawa couplings h_{AB} , g_{AB}, f_{AB} of the three FM Higgs representations are, so to speak, the vital organic functions of the NMSGUT and their dissection reveals the integral unity and ‘intelligent design’ within the fermion mass pattern. By killing the Yukawa couplings individually or in groups and noting the resultant effect one uncovers their roles. The values of the SO(10) yukawas for these solutions are given in Table 1,7.

The most influential coupling is h_{33} which directly affects every mass and mixing angle and may be called the lynch pin of the yukawa coupling pattern[11, 12]. The third generation masses can be fit to within 5% or better by this coupling alone : this is the content

Parameter V alue Field Masses [SU(3), SU(2), Y ] (Units of10^{16}Gev) χ_X 0.0538 A[1, 1, 4] 16.59 χ_Z 0.0274 B[6, 2, 5/3] 0.0279 h_{11}/10^{−6} −0.5793 C[8, 2, 1] 2.43, 15.57, 15.97 h_{22}/10^{−4} 9.7770 D[3, 2, 7/3] 0.69, 4.97, 7.12 h_{33} −0.3835 E[3, 2, 1/3] 0.03, 0.91, 0.91 f_{11}/10^{−6} −0.4555 − 0.2404i 1.760, 8.32, 10.00 f_{12}/10^{−6} 1.9895 + 0.1978i F [1, 1, 2] 0.30, 0.30 f_{13}/10^{−5} 1.0867 − 0.6160i 1.99, 8.50 f_{22}/10^{−5} −0.8937 − 0.6075i G[1, 1, 0] 0.005, 0.05, 0.06 f_{23}/10^{−4} 0.6790 − 1.1135i 0.056, 1.25, 1.27 f_{33}/10^{−3} 2.7274 − 1.1167i h[1, 2, 1] 0.255, 2.32, 3.10 g_{12}/10^{−4} 5.2119 + 1.4489i 4.16, 8.17 g_{13}/10^{−3} 2.4724 − 4.4113i I[3, 1, 10/3] 0.08 g_{23}/10^{−2} 1.1019 + 3.7683i J[3, 1, 4/3] 0.070, 0.67, 0.67 λ/10^{−2} −2.6300 + 0.0725i 3.00, 11.32 η −5.0707 − 2.2687i K[3, 1, 8/3] 2.93, 14.66 ρ −0.6589 − 1.1413i L[6, 1, 2/3] 2.83, 21.13 k −0.6536 − 0.0412i M[6, 1, 8/3] 22.24 ζ −0.8940 − 0.3886i N[6, 1, 4/3] 20.32 ζ̄ 1.4160 + 0.9539i O[1, 3, 2] 20.32 m/10^{16}GeV 0.00 P [3, 3, 2/3] 2.36, 17.44 m_o/10^{16}GeV −2.639e^{−iArg(λ)} Q[8, 3, 0] 0.067 γ 3.23 R[8, 1, 0] 0.03, 0.08 γ̄ 0.5152 S[1, 3, 0] 0.0941 x 0.6902 + 0.5005i t[3, 1, 2/3] 0.05, 0.74, 2.58, 2.96 Δ_X −0.29 10.86, 11.68, 72.35 Δ_G 8.132 U[3, 3, 4/3] 0.079 Δα_3(M_Z ) −0.017 V [1, 2, 3] 0.068 {M^{νc} /10^{11}GeV } 0.01, 0.36, 119.91 W [6, 3, 2/3] 19.62 {M^ν_{II} /10^{−8}eV } 0.064, 3.1, 1.04 × 10^3 X[3, 2, 5/3] 0.023, 1.057, 1.057 M_ν (meV ) 2.85, 7.94, 42.94 Y [6, 2, 1/3] 0.03 {Evals[f]}/10^{−7} 1.82, 88.57, 29529.62 Z[8, 1, 2] 0.08 Soft parameters m 1_2 = −149.696 m_0 = 3425.167 A_0 = −1.2179 × 10^5 at M_X μ = 9.6362 × 10^4 B = −6.6587 × 10^9 tanβ = 50.0000 M^2_{H̄} = −6.6281 × 10^9 M^2_H = −6.3513 × 10^9 R bτ_{sμ} = 1.0840 Max(|L_{ABCD}|, |R_{ABCD}|) 2.3362 × 10^{−18} GeV^{−1} Table 1: NTH-1-a : Column 1 contains values of the NMSGUT-SUGRY-NUHM parameters at M_X derived from an accurate fit to all 18 fermion data and compatible with RG constraints. Unificaton parameters and mass spectrum of superheavy and superlight fields are also given. The values of μ(M_X ), B(M_X ) are determined by RG evolution from M_Z to M_X of the values determined by the EWRSB conditions.

Parameter T arget = Ō_i Uncert. = δ_i Achieved = O_i P ull = (O_i − Ō_i)/δ_i y_u/10^{−6} 2.106747 0.804777 2.107903 0.001436 y_c/10^{−3} 1.026955 0.169448 1.028714 0.010378 y_t 0.394686 0.015787 0.394641 −0.002869 y_d/10^{−5} 6.955727 4.055189 6.891574 −0.015820 y_s/10^{−3} 1.318699 0.622426 1.348005 0.047083 y_b 0.526812 0.273415 0.529174 0.008639 y_e/10^{−4} 1.264736 0.189710 1.263162 −0.008296 y_μ/10^{−2} 2.635365 0.395305 2.633596 −0.004477 y_τ 0.556982 0.105827 0.556260 −0.006821 sin θ^q_{12} 0.2210 0.001600 0.2210 0.0013 sin θ^q_{13}/10^{−4} 28.6411 5.000000 28.6205 −0.0041 sin θ^q_{23}/10^{−3} 33.6998 1.300000 33.6939 −0.0046 δ^q 60.0207 14.000000 59.9121 −0.0078 (m^2_{12})/10^{−5}(eV )^2 5.4955 0.582519 5.4960 0.0009 (m^2_3)/10^{−3}(eV )^2 1.7812 0.356242 1.7811 −0.0002 sin^2 θ^L_{12} 0.2882 0.057642 0.2883 0.0010 sin^2 θ^L_{23} 0.4602 0.138047 0.4601 −0.0005 θ^L_{13}(degrees) 3.7 3.7 3.58 Higgs F ractions α_1 0.3633 ᾱ_1 0.4871 α_2 0.1356 + 0.0042i ᾱ_2 0.4088 + 0.1724i α_3 0.0925 − 0.0811i ᾱ_3 0.0809 − 0.0992i α_4 −0.7215 + 0.5397i ᾱ_4 0.2039 + 0.4211i α_5 −0.0180 − 0.0761i ᾱ_5 −0.0565 − 0.1847i α_6 −0.1270 − 0.0192i ᾱ_6 −0.5201 − 0.1511i

Table 2: NTH-1-b: Fit with χ_X = √∑_{17} i=1(O_i − Ō_i)^2/δ^2_i = 0.0538. Target values, at M_X of the fermion yukawa couplings and mixing parameters, together with the estimated uncertainties, achieved values and pulls. The eigenvalues of the wavefunction renormalization increment matrices Δ_i for fermion lines and the factors for Higgs lines are given, assuming the external Higgs is 10-plet dominated. The Higgs fractions α_i, ᾱ_i which control the MSSM fermion yukawa couplings are also given. Notice the dominance(and reality- by convention[1]- of the first components α_1, ᾱ_1 consistently with the assumption made. Right handed neutrino threshold effects have been ignored. We have truncated numbers for display although all calculations are done at double precision.

Parameter SM(M_Z ) m^{GUT} (M_Z ) m^{MSSM} = (m + Δm)^{GUT} (M_Z ) m_d/10^{−3} 2.90000 0.60214 2.84704 m_s/10^{−3} 55.00000 11.85394 56.07364 m_b 3.00000 3.20550 2.99832 m_e/10^{−3} 0.48657 0.47232 0.48520 m_μ 0.10272 0.09873 0.10280 m_τ 1.74624 1.73227 1.73861 m_u/10^{−3} 1.27000 1.09899 1.27209 m_c 0.61900 0.53616 0.62062 m_t 172.50000 149.58266 172.62573

Table 3: NTH-1-c: Values of standard model fermion masses in GeV at M_Z compared with the masses obtained from values of GUT derived yukawa couplings run down from M^0_X to M_Z both before and after threshold corrections. Fit with χ_Z = √∑_9 i=1(m^{MSSM} i − m^{SM}_i )^2/(m^{MSSM}_i )^2 = 0.0274.

Parameter V alue Parameter V alue M_1 110.68 M~_{ū1} 4430.21 M_2 311.98 M~_{ū2} 4429.06 M_3 467.04 M~_{ū3} 14708.76 M~_{l̄1} 1465.55 A^{0(l)}_{11} −74339.77 M~_{l̄2} 721.73 A^{0(l)}_{22} −74246.91 M~_{l̄3} 6881.05 A^{0(l)}_{33} −45881.90 M~_{L1} 5571.51 A^{0(u)}_{11} −88372.72 M~_{L2} 5498.43 A^{0(u)}_{22} −88372.13 M~_{L3} 7528.17 A^{0(u)}_{33} −43480.89 M~_{d̄1} 2449.94 A^{0(d)}_{11} −74547.22 M~_{d̄2} 2448.70 A^{0(d)}_{22} −74546.57 M~_{d̄3} 27469.99 A^{0(d)}_{33} −26951.08 M~_{Q1} 4482.78 tan β 50.00 M~_{Q2} 4481.88 μ(M_Z ) 74464.04 M~_{Q3} 22121.24 B(M_Z ) 8.9600 × 10^8 M^2_{H̄} −5.4459 × 10^9 M^2_H −6.0389 × 10^9

Table 4: NTH-1-d: Values (GeV) in of the soft Susy parameters at M_Z (evolved from the soft SUGRY-NUHM parameters at M_X ). The values of soft Susy parameters at M_Z determine the Susy threshold corrections to the fermion yukawas. The matching of run down fermion yukawas in the MSSM to the SM parameters determines soft SUGRY parameters at M_X . Note the heavier third sgeneration. The values of μ(M_Z ) and the corresponding soft susy parameter B(M_Z ) = m^2_Asin 2β/2 are determined by imposing electroweak symmetry breaking conditions. m_A is the mass of the CP odd scalar in the in the Doublet Higgs. The sign of μ is assumed positive.

Field Mass(GeV ) M~_G 467.04 M_χ± 311.97, 74464.13 M_χ0 110.68, 311.97, 74464.10, 74464.10 M_{ν̃} 5571.117, 5498.025, 7527.874 M_ẽ 1466.24, 5571.72, 719.86, 5499.07, 6632.62, 7748.22 M_ũ 4430.06, 4482.44, 4428.36, 4482.09, 14703.84, 22125.42 M~_d 2450.08, 4483.20, 2448.81, 4482.32, 22109.03, 27479.89 M_A 211702.07 M_H± 211702.09 M_H0 211702.05 M_h0 111.06

Table 5: NTH-1-e Spectra of supersymmetric partners calculated ignoring generation mixing effects. Inclusion of such effects changes the spectra only marginally. Due to the large values of μ, B, A_0 the LSP and light chargino are essentially pure Bino and Wino(W̃_±). The light gauginos and light Higgs h^0, are accompanied by a light smuon and sometimes selectron. The rest of the sfermions have multi-TeV masses. The mini-split supersymmetry spectrum and large μ, A_0 parameters help avoid problems with FCNC and CCB/UFB instability . The sfermion masses are ordered by generation not magnitude. This is useful in understanding the spectrum calculated including generation mixing effects

Field Mass(GeV ) M~_G 468.06 M_χ± 312.69, 74292.23 M_χ0 110.96, 312.69, 74292.20, 74292.20 M_{ν̃} 5495.50, 5567.71, 7757.297 M_ẽ 674.64, 1482.77, 5471.92, 5568.24, 7181.18, 7967.54 M_ũ 4417.06, 4418.74, 4465.27, 4475.14, 14601.97, 22210.00 M~_d 2439.12, 2440.69, 4465.54, 4475.89, 22194.19, 27667.63 M_A 212602.71 M_H± 212602.72 M_H0 212602.68 M_h0 112.20

Table 6: NTH-1-f: Spectra of supersymmetric partners calculated including generation mixing effects. Inclusion of such effects changes the spectra only marginally. Due to the large values of μ, B, A_0. The LSP and light chargino are essentially pure Bino and Wino(W̃_±). Note that the ordering of the eigenvalues in this table follows their magnitudes, comparison comparison with the previous table is necessary to identify the sfermions

Parameter V alue Field Masses [SU(3), SU(2), Y ] (Units of10^{16}Gev) χ_X 0.0249 A[1, 1, 4] 1441.82 χ_Z 0.0480 B[6, 2, 5/3] 0.0697 h_{11}/10^{−6} 7.6598 C[8, 2, 1] 129.62, 496.04, 563.55 h_{22}/10^{−4} −6.3825 D[3, 2, 7/3] 91.30, 478.98, 581.76 h_{33} 0.2331 E[3, 2, 1/3] 0.16, 55.27, 55.27 f_{11}/10^{−6} −0.0305 + 0.0003i 193.755, 387.75, 433.94 f_{12}/10^{−6} 0.5619 − 0.0831i F [1, 1, 2] 19.66, 19.66 f_{13}/10^{−5} −0.4251 − 0.0033i 145.63, 732.25 f_{22}/10^{−5} −1.5961 − 0.0481i G[1, 1, 0] 0.013, 0.13, 0.53 f_{23}/10^{−4} 0.7897 − 0.0323i 0.534, 15.98, 15.99 f_{33}/10^{−3} −0.3332 − 0.0143i h[1, 2, 1] 0.449, 93.42, 115.32 g_{12}/10^{−3} −4.4001 + 1.56181i 684.55, 831.87 g_{13}/10^{−3} −6.4914 − 0.61548i I[3, 1, 10/3] 0.19 g_{23} 0.3111 + 0.00086i J[3, 1, 4/3] 0.189, 38.97, 38.97 λ/10^{−2} −0.1121 + 0.0334i 73.84, 773.69 η −7.4125 − 0.2897i K[3, 1, 8/3] 81.61, 1044.05 ρ 1.7512 + 0.2380i L[6, 1, 2/3] 82.69, 1459.09 k −0.0127 + 0.0013i M[6, 1, 8/3] 1520.88 ζ 2.0769 − 0.0171i N[6, 1, 4/3] 1434.02 ζ̄ 1.8332 − 0.0227i O[1, 3, 2] 2031.45 m/10^{16}GeV 0.01 P [3, 3, 2/3] 130.79, 1358.46 m_o/10^{16}GeV −96.186e^{−iArg(λ)} Q[8, 3, 0] 0.131 γ 1.54 R[8, 1, 0] 0.08, 0.23 γ̄ 0.6739 S[1, 3, 0] 0.2638 x 0.7668 + 0.7889i t[3, 1, 2/3] 0.30, 29.74, 76.15, 94.96 Δ_X 1.82 159.80, 203.33, 6212.40 Δ_G −18.645 U[3, 3, 4/3] 0.212 Δα_3(M_Z ) −0.005 V [1, 2, 3] 0.185 {M^{νc} /10^{11}GeV } 0.02, 1.42, 135.73 W [6, 3, 2/3] 811.57 {M^ν_{II} /10^{−12}eV } 0.0553, 5.08, 484.34 X[3, 2, 5/3] 0.065, 61.131, 61.131 M_ν (meV ) 3.12, 8.28, 44.55 Y [6, 2, 1/3] 0.08 {Evals[f]}/10^{−7} 0.40, 36.91, 3520.96 Z[8, 1, 2] 0.23 Soft parameters m 1_2 = −52.893 m_0 = 2635.301 A_0 = −6.9523 × 10^4 at M_X μ = 5.4298 × 10^4 B = −2.3081 × 10^9 tanβ = 52.0000 M^2_{H̄} = −1.9300 × 10^9 M^2_H = −1.7831 × 10^9 R bτ_{sμ} = 0.9696 Max(|L_{ABCD}|, |R_{ABCD}|) 2.5986 × 10^{−18} GeV^{−1} Table 7: NTH-2-a : Column 1 contains values of the NMSGUT-SUGRY-NUHM parameters at M_X derived from an accurate fit to all 18 fermion data and compatible with RG constraints. Unificaton parameters and mass spectrum of superheavy and superlight fields are also given. See caption to Table 1.

Parameter T arget = Ō_i Uncert. = δ_i Achieved = O_i P ull = (O_i − Ō_i)/δ_i y_u/10^{−6} 2.169442 0.828727 2.169648 0.000248 y_c/10^{−3} 1.057534 0.174493 1.057736 0.001161 y_t 0.417776 0.016711 0.417802 0.001583 y_d/10^{−5} 8.636313 5.034971 8.604824 −0.006254 y_s/10^{−3} 1.637429 0.772866 1.637726 0.000384 y_b 0.580190 0.301119 0.575498 −0.015580 y_e/10^{−4} 1.371627 0.205744 1.371470 −0.000767 y_μ/10^{−2} 2.819922 0.422988 2.820361 0.001039 y_τ 0.603248 0.114617 0.601257 −0.017364 sin θ^q_{12} 0.2210 0.001600 0.2210 0.0002 sin θ^q_{13}/10^{−4} 28.2129 5.000000 28.2160 0.0006 sin θ^q_{23}/10^{−3} 33.1964 1.300000 33.1967 0.0002 δ^q 60.0205 14.000000 60.0988 0.0056 (m^2_{12})/10^{−5}(eV )^2 5.8851 0.623819 5.8851 0.0000 (m^2_3)/10^{−3}(eV )^2 1.9165 0.383293 1.9164 −0.0001 sin^2 θ^L_{12} 0.2871 0.057416 0.2871 0.0001 sin^2 θ^L_{23} 0.4561 0.136823 0.4560 −0.0007 θ^L_{13}(degrees) 3.7 3.7 3.49 Higgs F ractions α_1 0.6336 − 0.0000i ᾱ_1 0.8716 − 0.0000i α_2 0.0463 − 0.0044i ᾱ_2 0.0973 + 0.0043i α_3 0.0295 − 0.0066i ᾱ_3 0.0322 − 0.0133i α_4 −0.2462 + 0.7306i ᾱ_4 0.0715 + 0.4677i α_5 0.0100 − 0.0023i ᾱ_5 −0.0086 − 0.0237i α_6 0.0013 − 0.0312i ᾱ_6 −0.0678 − 0.0209i

Table 8: NTH-2-b: Fit with χ_X = √∑_{17} i=1(O_i − Ō_i)^2/δ^2_i = 0.0249. See caption to Table 2.

Parameter SM(M_Z ) m^{GUT} (M_Z ) m^{MSSM} = (m + Δm)^{GUT} (M_Z ) m_d/10^{−3} 2.90000 0.70128 2.89218 m_s/10^{−3} 55.00000 13.34975 55.07828 m_b 2.90000 3.13925 2.89296 m_e/10^{−3} 0.48657 0.46159 0.47342 m_μ 0.10272 0.09760 0.10284 m_τ 1.74624 1.70172 1.73900 m_u/10^{−3} 1.27000 1.14168 1.30562 m_c 0.61900 0.55605 0.63590 m_t 172.50000 152.72924 173.65217

Table 9: NTH-2-c: Values of standard model fermion masses in GeV at M_Z compared with the masses obtained from values of GUT derived yukawa couplings run down from M^0_X to M_Z both before and after threshold corrections. Fit with χ_Z = √∑_9 i=1(m^{MSSM} i − m^{SM}_i )^2/(m^{MSSM}_i )^2 = 0.0480.

Parameter V alue Parameter V alue M_1 80.00 M~_{ū1} 3418.81 M_2 212.29 M~_{ū2} 3418.20 M_3 378.17 M~_{ū3} 6717.12 M~_{l̄1} 820.90 A^{0(l)}_{11} −41387.13 M~_{l̄2} 138.40 A^{0(l)}_{22} −41330.33 M~_{l̄3} 937.05 A^{0(l)}_{33} −24202.81 M~_{L1} 3786.06 A^{0(u)}_{11} −49782.10 M~_{L2} 3742.82 A^{0(u)}_{22} −49781.70 M~_{L3} 3960.29 A^{0(u)}_{33} −23118.83 M~_{d̄1} 2057.53 A^{0(d)}_{11} −41635.36 M~_{d̄2} 2056.71 A^{0(d)}_{22} −41634.88 M~_{d̄3} 15394.82 A^{0(d)}_{33} −13480.19 M~_{Q1} 2989.88 tan β 52.00 M~_{Q2} 2989.25 μ(M_Z ) 39905.71 M~_{Q3} 11879.18 B(M_Z ) 2.2686 × 10^8 M^2_{H̄} −1.5693 × 10^9 M^2_H −1.7306 × 10^9

Table 10: NTH-2-d: Values (GeV) in of the soft Susy parameters at M_Z (evolved from the soft SUGRY-NUHM parameters at M_X ). See caption to Table 4.

Field Mass(GeV ) M~_G 378.17 M_χ± 212.28, 39905.88 M_χ0 80.00, 212.28, 39905.82, 39905.83 M_{ν̃} 3785.487, 3742.237, 3959.735 M_ẽ 822.13, 3786.37, 134.67, 3743.54, 257.61, 4062.01 M_ũ 2989.37, 3418.61, 2988.70, 3418.04, 6708.48, 11885.83 M~_d 2057.69, 2990.49, 2056.83, 2989.90, 11860.61, 15409.27 M_A 108633.92 M_H± 108633.95 M_H0 108633.86 M_h0 110.00

Table 11: NTH-2-e: Spectra of supersymmetric partners calculated ignoring generation mixing effects. See caption to Table 5.

Field Mass(GeV ) M~_G 378.38 M_χ± 212.63, 39791.74 M_χ0 80.13, 212.63, 39791.68, 39791.69 M_{ν̃} 3739.84, 3782.78, 4192.709 M_ẽ 216.04, 839.39, 1951.17, 3741.91, 3783.67, 4301.08 M_ũ 2975.54, 2984.72, 3411.12, 3411.67, 6485.06, 11933.41 M~_d 2052.20, 2053.44, 2976.87, 2985.85, 11909.42, 15574.50 M_A 109062.24 M_H± 109062.27 M_H0 109062.18 M_h0 110.61

Table 12: NTH-2-f: Spectra of supersymmetric partners calculated including generation mixing effects. See caption to Table 6.

of ‘b − τ − t unification’ in this context. The next most important( and sometimes largest) coupling is g_{23}. It is crucial for the θ^{(q)}_{23} mixing and thus also for second generation masses: specially the muon mass. The importance of the couplings f_{AB} arises from their smallness : since they control the mass and couplings of the superheavy right handed neutrinos which leave behind a characteristic signature in the Type I seesaw masses (where they enter in the denominator) the limit f_{AB} → 0 is singular i.e decreasing f_{AB} changes the effective theory (MSSM with massive left handed neutrinos) drastically. The couplings h_{11}, h_{22}, g_{12}, g_{13} are relevant for the masses and mixing of the first and second generations.

If we first set f_{AB} = 0 then all neutrino masses and mixings become unphysical. However one finds that the fractional changes in the charged fermion masses and mixing less than one part in 10^4 − 10^6. Thus the 126 coupling is irrelevant to the charged fermion sector in our fits. This feature together with much smaller values of the parameter r_D ∼ 10^2 (as compared to r_D ∼ 10^5 used there ; see[1, 13] for the definition of r_D) marks out the solutions we have found as distinct from the class of generic fits explored in [13, 14]. Moreover our f_{AB} eigenvalues (and thus the right handed neutrino masses) are strongly hierarchical(10^4 : 10^2 : 1) : so much so that they are effective in compensating the large hierarchy in the neutrino Dirac masses(10^2 : 10 : 10^{−1}) (which is amplified by the square of the neutrino Dirac mass in the Type I formula) to produce the rather weak (15 : 3 : 1) hierarchy of the light neutrino masses. This is again crucially different from the generic SO(10) solutions of [13, 14] which have a hierarchy of at most 300 : 60 : 1 for the right neutrino masses ( which are also much larger). There[13, 14] the dilution of the Dirac mass hierarchy relies on a strong boost of the coefficient r_D of g_{AB} in the Dirac neutrino mass matrix M^ν_{Dirac} to huge values ∼ 10^4 − 10^5. Our parameters simply never venture towards such large r_D : they always produce values of the coefficient r_D below 500. In fact even if one removes constraints that the parameters remain perturbative it proves extremely difficult to force the downhill simplex ‘amoeba’ to crawl towards the high r_D region. Of course we have already shown[2] that generic numeric fits carry no direct implication for the NMSGUT since their parameters are constrained, but still the generic analysis propagated a scare[16] that the small 126 scenario was basically flawed and then compounded it by the confusing conclusion that small(but not tiny) f_{AB} solutions were in fact capable of finding accurate fits(by using values of a yukawa formula parameter r_D ∼ 10^5 that are so large as to make them un-achievable in actual NMSGUT yukawa formulae). In any case this history underlines once again[9, 10] the emphatic non sequituur with which explicit UV theories must confront such generic no-go claims unless they are founded on something more than numeric projections.

In [11, 12] we argued that the 2-3 sector should be regarded as the core of the fermion mass hierarchy and that the complete hierarchy could and should be understood semianalytically by perturbing around the couplings h_{33}, g_{23} i.e by taking these couplings as O(1) and the others as order O(ϵ^n), ϵ ∼ 0.1, n ≥ 2. The solutions we have found by random search bear this out. We could now pursue our earlier proposal[11, 12] to understand the fermion parameters by an expansion around the 23 sector in a single hierarchy parameter with confidence that the solutions exist and have the required form. The phases and coefficient values we have found can be checked for their compatibility with such an expansion and thus a qualitative understanding of the hierarchy arrived at. Of course we must keep in mind that the values of the Yukawa couplings we find match the SM precision couplings extrapolated to M_X only after applying the large corrections to y_{d,s} at M_S due to large tan β that are the underpinning of our fits. Thus the fermion masses explained above are themselves significantly different from the ones that we earlier[11, 12] had only partial success in describing via the ϵ−expansion. We anticipate that the downwards revision of the target y_d, y_s in the fit at M_X by a factor of ϵ will allow the determination of fits with two large angles in the lepton sector, which we could not achieve earlier. It bears mention that the most frequent “false minimae” encountered have almost perfect charged fermion fits but one large and one small Leptonic mixing angle. Analytic (perturbative) confirmation of this proposal may be of some value since it will yield a more robust understanding of the innards of the hierarchy.

It is worth mentioning that our perturbative analysis of both the two dimensional and three dimensional (real) tree level fermion yukawa fitting problem in SO(10) models based upon a 10-120 FM Higgs system led to the consistency constraint that |^{yb−yτ}_{ys−yμ} | = 1 + O(ϵ^2). It is striking that this constraint is obeyed in all the fits without GUT scale threshold corrections that we have found so far even though the parameters are no longer real. Thus the NMSGUT seems constrained to obey the stringent form of b − τ unification found in [11, 12] so long as GUT scale threshold corrections are unimportant. Conversely, as we show in [38], the inclusion of GUT threshold corrections to fermion yukawas loosens this constraint and permits one to find solutions that are also B decay realistic.

5 Nucleon decay

As was already shown generically in [1] and can also be seen from Table 1, viable RG flows in the NMSGUT can raise M_X by up to two orders of magnitude above M^0_X . Thus d = 6(i.e gauge boson mediated) proton decay can be suppressed by up to 8 orders of magnitude relative to the already long life times ∼ 10^{36}yrs corresponding to the one-loop unification scale 10^{16.25} GeV. The question of the rate of d = 5 operator mediated baryon decay in the theory at hand is clearly the critical one. Since the decay rates in these channels will depend sensitively on the soft scalar spectrum and mixing they could provide a welcome additional filtration of the parameter sets that pass the other criteria.

The complete calculation of B-violation rates in all possible channels is an onerous calculation which we would be justified in presenting only once we have optimized our fits and have otherwise viable candidates. As mentioned above threshold corrections due to 120-plet at M_X are important in this theory[38]. Moreover the searches for fits will themselves need to be done keeping in mind the need to lower the B violation rates below the 10^{−27}yr^{−1} that are generically found (see below). Since d = 5 operators and among them the p → M^+ν channels are known to be the dominant modes of B violation we close this paper by giving the rate of these reactions using the (hard and soft) parameter values found by us via the search for a fit of the fermion mass parameters. We emphasize that sfermion mixing is assumed to be driven entirely by the that present in the matter yukawa couplings of the SO(10) superpotential at M^0_X renormalized down to M_Z . Corrections due to renormalization between M_X or M_{P lanck} and M^0_X are ignored.

The technology for this calculation is well known and we have used the calculations

Case τ_p(M^+ν) Γ(p → π^+ν) BR(p → π^+ν_{e,μ,τ} ) Γ(p → K^+ν) BR(p → K^+ν_{e,μ,τ} ) NT H − 1 3.1 × 10^{28} 9.9 × 10^{−30} {2.9 × 10^{−5}, 0.12, 0.88} 2.2 × 10^{−29} {1.8 × 10^{−4}, 0.47, 0.53} NT H − 2 4.3 × 10^{27} 5.6 × 10^{−30} {2.47 × 10^{−4}, 0.19, 0.81} 2.3 × 10^{−28} {1.84 × 10^{−4}, 0.05, 0.95}

Table 13: Table of d = 5 operator mediated proton lifetimes τ_p(yrs), decay rates Γ(yr^{−1}) and Branching ratios in the dominant Meson^+ + ν channels.

of [36, 37] as starting points and cross checks for developing a Mathematica program that calculates the decay rates given the fundamental GUT and SUGRY-NUHM parameters (i.e Tables 1-10).

In [7, 1] we calculated the effective d = 5 operators for nucleon decay in terms of the couplings h_{AB} , f_{AB}, g_{AB} and (inverses of) the mass matrices for the three different triplet types relevant to proton decay in this model. Not only the t̄[¯3, 1, −^2_3 ]⊕t[3, 1,^2_3 ] type triplets (square brackets enclose MSSM gauge quantum numbers and the subscripts refer to the multiple copies arising from the various grand unified Higgs present in the theory : whose spectra have been completely evaluated[6, 7, 5, 8, 44, 10, 1]) but also the novel ones of the P [3, 3, ±^2_3 ] and K[3, 1, ±^8_3 ] multiplet types can contribute to baryon violation[1, 59]. In the case of the 126 the P̄_1, K_1 ⊂ 126 multiplets couple to matter fermions but P_1, K̄_1 ⊂ 126 did not. The 120 however contains P_2, P̄_2 and K_2, K̄_2. Since these mix with P_1, P̄_1 and K_1, K̄_1, a number of fresh contributions to Baryon decay appear(although they are usually suppressed relative to the usual triplets by their larger masses).

On integrating out the heavy triplet Higgs supermultiplets one obtains[7, 1] the following additional effective d = 4 Superpotential for Baryon Number violating processes in the NMSGUT to leading order in m_W /M_X .

W^{ΔB≠0} eff = −L_{ABCD}( 1 2 ϵQ_AQ_B Q_C L_D) − R_{ABCD}(ϵē_Aū_Bū_Cd̄_D) (18)

and the coefficients L_{ABCD}, R_{ABCD}are given in [1].

These (162 complex !) operator coefficients need to renormalized down from the GUT scale to M_Z together with the other hard and soft parameters and plugged into the formulae of [37] after appropriately removing the assumptions of an SU(5) GUT context and negligible right handed mixing. The formulae of[36] can be used as a cross check of the calculation. We find the values given in Table 13.

Clearly these proton decay rates are too large given the current limits ∼ 10^{−33}yr^{−1}[54]. Thus the otherwise promising fits the NMSGUT has delineated so far imply an acute crisis of volatile baryon number. In the next paper of this series [38] we include also GUT scale threshold effects and conduct searches that are optimized with respect to Baryon stability. This permits us to find much more realistic fits.

6 Discussion

In this paper (which is the second in a series dedicated to formulating the falsifying constraints to which the NMSGUT can be subjected on the basis of its structure[1], fermion mass fits [9, 10, 2, 1], GUT Threshold effects and B violation rate viability [38]) we have indicated a feasible route to pursue if the New or Full Minimal Supersymmetric SO(10) GUT is to become vulnerable to falsification by the upcoming data from the LHC and it’s successors and the large water Cerenkov detectors now being planned to further raise the limits on proton decay. This route evades difficulties and confusion that had waylaid the fermion fitting program in MSGUTs in the recent past. We have shown that the way out is to accept the difficulties as indicative of a particular type of sfermion spectra which will modify the d, s quark yukawa couplings significantly at the threshold M_S . To our knowledge this is a novel proposal that ties the fermion spectrum achievable by a Susy GUT tightly to its soft breaking terms. Such a program is feasible and plausible precisely because of the constraints under which the NMSGUT functions and the lack of freedom to add additional fermion mass operators so abundantly available in SO(10) Susy theories based on low dimensional Higgs fields and non-renormalizable operators.

If the colliders do not belie their promises they may sketch the supersymmetric spectra for us. The detection of even a single supersymmetric particle(likely a chargino or a smuon in terms of the typical SUGRY-NUHM NMSGUT spectra we find) will anchor the susy mass patterns emerging from the RG analysis of the MSGUT. With these spectra in hand the NMSGUT will be have to face both edges of the scissor we have shown operative: failure at M_X to fit fermion spectra unless the sfermion and gaugino spectrum is such as to push the down quark type fermion Yukawa couplings above M_S to values where they match with the otherwise accurate and consistent fits we find at M_X and failure to fit the neutrino masses if the 126 couplings are used to correct the second generation mass patterns. The fits we have found rely on very small 126 couplings to boost the Type I seesaw neutrino masses while completely killing the Type II seesaw neutrino masses. Interestingly this has the effect of lowering the right handed neutrino masses into just the region 10^8 − 10^{13} GeV where most Leptogenesis scenarios typically place them. Moreover the same fits are consistent with a common GUT scale parameter : something that it was feared(from the earliest days of SUSY SO(10) GUTs[4]) would definitely suppress Type I masses completely. The no-go mechanism that the work of [16] had seemed to have proven against our proposal for ultra small 126 couplings f_{AB} has been neatly evaded by the theory in a natural way by accepting the indication of the reality of low down type quark masses as a characteristic feature of this type of Susy GUT. This yields information about the sfermion masses at M_S and thus about Susy breaking parameters. Inclusion of neutrino thresholds, susy thresholds, non-diagonal corrections, and loop corrections to threshold masses will significantly refine the filtration of candidate parameter sets found by random search.

In spite of these successes, when the d=5 B-decay rates are calculated using the found parameter sets we find rates that are at least 6 orders of mangnitude too large. In the next paper of this series we show that inclusion of superheavy threshold effects due to the 120-plet can give rise to very significant corrections to the yukawa couplings of the theory. The corrected parameters can also lead much slower B decay rates. When the multiple constraints of fermion mass fits and exotic processes have been applied to determine the viable parameter sets by a comprehensive survey we expect that the NMSGUT will finally graduate from a attractive and persuasive Model to the status of a mature Theory (ready to attempt its marriage to gravity ?).

7 Acknowledgments

We thank Sunil Mittal for writing the first version of the 2-loop renormalization group flow Mathematica program that we use as a cross check. C.S.A acknowledges useful correspondence with S. Antusch and W.A. Porod and informative discussions with K. Babu and Ts. Enkhbat. C.S.A thanks G. Senjanovic for hospitality at ICTP, Trieste, where the first version of this paper was completed. The work of C.S.A was supported by a grant No SR/S2/HEP-11/2005 from the Department of Science and Technology of the Govt. of India and that of S.K.G by a University Grants Commission Junior Research fellowship. C.S.A also thanks Ila Garg and Charanjit Kaur for help with the preparation of the final manuscript and specially the tables.

References

[1] C. S. Aulakh and S. K. Garg, The new minimal supersymmetric GUT, arXiv:hep-ph/0612021v1; The new minimal supersymmetric GUT: Spectra, RG analysis and fitting formulae, arXiv:hep-ph/0612021v2.

[2] C. S. Aulakh, Phys. Lett. B 661, 196 (2008) [arXiv:0710.3945 [hep-ph]].

[3] C.S. Aulakh and R.N. Mohapatra, CCNY-HEP-82-4 April 1982, CCNY-HEP-82-4- REV, Jun 1982 , Phys. Rev. D28, 217 (1983).

[4] T.E. Clark, T.K.Kuo, and N.Nakagawa, Phys. lett. 115B, 26(1982).

[5] C. S. Aulakh, B. Bajc, A. Melfo, G. Senjanovic and F. Vissani, The minimal supersymmetric grand unified theory, Phys. Lett. B 588, 196 (2004) [arXiv:hep-ph/0306242].

[6] C.S.Aulakh and A. Girdhar, hep-ph/0204097; v2 August 2003; v4, 9 February, 2004;

Int. J. Mod. Phys. A 20, 865 (2005)

[7] C. S. Aulakh and A. Girdhar, Nucl. Phys. B 711 (2005) 275 [arXiv:hep-ph/0405074].

[8] B. Bajc, A. Melfo, G. Senjanovic and F. Vissani, Phys. Rev. D 70, 035007 (2004) [arXiv:hep-ph/0402122].

[9] C. S. Aulakh, From germ to bloom, arXiv:hep-ph/0506291.

[10] C. S. Aulakh and S. K. Garg, Nucl. Phys. B 757, 47 (2006) [arXiv:hep-ph/0512224].

[11] C. S. Aulakh, Fermion mass hierarchy in the Nu MSGUT. I: The real core, arXiv:hep-ph/0602132 ;

[12] C. S. Aulakh, MSGUT Reborn ? arXiv:hep-ph/0607252

[13] W. Grimus and H. Kühböck, Phys. Lett. B 643 (2006) 182 [arXiv:hep-ph/0607197].

[14] W. Grimus and H. Kühböck, Eur. Phys. J. C 51 (2007) 721 [arXiv:hep-ph/0612132].

[15] C. S. Aulakh and S. K. Garg, Correcting α_3(M_Z ) in the NMSGUT, arXiv:0710.4018 [hep-ph].

[16] L. Lavoura, H. Kuhbock and W. Grimus, Nucl. Phys. B 754, 1 (2006) [arXiv:hep-ph/0603259].

[17] H. Georgi and C. Jarlskog, Phys. Lett. B 86 (1979) 297.

[18] K. Y. Oda, E. Takasugi, M. Tanaka and M. Yoshimura, Phys. Rev. D 59, 055001 (1999) [arXiv:hep-ph/9808241]; K. Matsuda, Y. Koide, T. Fukuyama and H. Nishiura, Phys. Rev. D 65, 033008 (2002) [Erratum-ibid. D 65, 079904 (2002)] [arXiv:hep-ph/0108202] ; K. Matsuda, Y. Koide and T. Fukuyama, Phys. Rev. D 64, 053015 (2001) [arXiv:hep-ph/0010026]. N. Oshimo, ; Phys. Rev. D 66, 095010 (2002) [arXiv:hep-ph/0206239]; N. Oshimo, Nucl. Phys. B 668, 258 (2003) [arXiv:hep-ph/0305166]; B. Bajc, G. Senjanovic and F. Vissani, Phys. Rev. Lett. 90 (2003) 051802 [arXiv:hep-ph/0210207]; H. S. Goh, R. N. Mohapatra and S. P. Ng, Phys. Lett. B 570, 215 (2003) [arXiv:hep-ph/0303055]. H. S. Goh, R. N. Mohapatra and S. P. Ng, Phys. Rev. D 68, 115008 (2003) [arXiv:hep-ph/0308197]. H. S. Goh, R. N. Mohapatra and S. Nasri, Phys. Rev. D 70 (2004) 075022 [arXiv:hep-ph/0408139]; S. Bertolini, M. Frigerio and M. Malinsky, Phys. Rev. D 70, 095002 (2004) [arXiv:hep-ph/0406117]; S. Bertolini and M. Malinsky, arXiv:hep-ph/0504241 ; K. S. Babu and C. Macesanu, arXiv:hep-ph/0505200. B. Bajc, G. Senjanovic and F. Vissani, Phys. Rev. D 70, 093002 (2004) [arXiv:hep-ph/0402140]; B. Bajc, G. Senjanovic and F. Vissani, arXiv:hep-ph/0110310;K. S. Babu and C. Macesanu, Phys. Rev. D 72, 115003 (2005) [arXiv:hep-ph/0505200].

[19] L. J. Hall, R. Rattazzi and U. Sarid, Phys. Rev. D 50 (1994) 7048 [arXiv:hep-ph/9306309]; R. Hempfling, Phys. Rev. D49(1994)6168.

[20] M. S. Carena, M. Olechowski, S. Pokorski and C. E. M. Wagner, Nucl. Phys. B 426, 269 (1994) [arXiv:hep-ph/9402253]; M. S. Carena, D. Garcia, U. Nierste and C. E. M. Wagner, Nucl. Phys. B 577, 88 (2000) [arXiv:hep-ph/9912516].

[21] G. Ross and M. Serna, arXiv:0704.1248 [hep-ph].

[22] S. Antusch and M. Spinrath, arXiv:0804.0717 [hep-ph].

[23] D. M. Pierce, J. A. Bagger, K. T. Matchev and R. j. Zhang, Nucl. Phys. B 491, 3 (1997) [arXiv:hep-ph/9606211].

[24] J.Ellis, G.Ridolfi, F.Zwirner, Phys. Lett. B262(1991) 477.

[25] A. Freitas, E. Gasser and U. Haisch, Phys. Rev. D 76 (2007) 014016 [arXiv:hep-ph/0702267].

[26] S. P. Martin and M. T. Vaughn, Phys. Rev. D 50 (1994) 2282 [arXiv:hep-ph/9311340];

S. P. Martin, Phys. Rev. D 66 (2002) 096001 [arXiv:hep-ph/0206136]. [27] K. S. Babu, C. N. Leung and J. T. Pantaleone, Phys. Lett. B 319, 191 (1993) [arXiv:hep-ph/9309223].

[28] S. Antusch, M. Drees, J. Kersten, M. Lindner and M. Ratz, Phys. Lett. B 519, 238 (2001) [arXiv:hep-ph/0108005]; S. Antusch, M. Drees, J. Kersten, M. Lindner and M. Ratz, Phys. Lett. B 525, 130 (2002) [arXiv:hep-ph/0110366].

[29] Numerical Recipes in Fortran 90, Second Edition(1996), Cambridge Univ. Press, W.H.Press, S.A.Teukolsky, W.T.Vetterling, and B.P.Flannery.

[30] Z. Z. Xing, H. Zhang and S. Zhou, arXiv:0712.1419 [hep-ph]. [31] A. Strumia and F. Vissani, arXiv:hep-ph/0606054.

[32] P. Langacker and N. Polonsky, Phys. Rev. D 47, 4028 (1993) [arXiv:hep-ph/9210235];

P. Langacker and N. Polonsky, Phys. Rev. D 52, 3081 (1995) [arXiv:hep-ph/9503214]. [33] C. S. Aulakh, B. Bajc, A. Melfo, A. Rasin and G. Senjanovic, Nucl. Phys. B 597, 89 (2001) [arXiv:hep-ph/0004031].

[34] C. S. Aulakh and S. K. Garg, “Nmsgut. II. Pinning the Nmsgut@LHC,” arXiv:0807.0917v1 [hep-ph](this paper first version).

[35] H. Arason, D. J. Castano, B. Keszthelyi, S. Mikaelian, E. J. Piard, P. Ramond and B. D. Wright, Phys. Rev. D 46 (1992) 3945; H. Arason, D. J. Castano, E. J. Piard and P. Ramond, [arXiv:hep-ph/9204225].

[36] V. Lucas and S. Raby, Phys. Rev. D 55 (1997) 6986 [arXiv:hep-ph/9610293]. [37] T. Goto and T. Nihei, Phys. Rev. D 59, 115009 (1999) [arXiv:hep-ph/9808255]. [38] NMSGUT III: Grand Unification Upended. , C.S.Aulakh, simultaneous preprint, see arXiv, July 2011.

[39] D. J. Castano, E. J. Piard and P. Ramond, “Renormalization group study of the Standard Model and its extensions. 2. The Minimal supersymmetric Standard Model,” Phys. Rev. D 49, 4882 (1994) [arXiv:hep-ph/9308335].

[40] S. Weinberg, Phys. Rev. Lett. 43 (1979) 1566.

[41] E. K. Akhmedov, Z. G. Berezhiani, G. Senjanovic and Z. j. Tao, Phys. Rev. D 47 (1993) 3245 [arXiv:hep-ph/9208230].

[42] C. S. Aulakh, K. Benakli and G. Senjanovic, Phys. Rev. Lett. 79, 2188 (1997) [arXiv:hep-ph/9703434]; C. S. Aulakh, A. Melfo and G. Senjanovic, Phys. Rev. D 57 (1998) 4174 [arXiv:hep-ph/9707256]; C. S. Aulakh, A. Melfo, A. Rasin and G. Senjanovic, Phys. Lett. B 459, 557 (1999) [arXiv:hep-ph/9902409].

[43] K.S.Babu and R.N.Mohapatra, Phys. Rev. Lett. 70(1993)2845. [44] T. Fukuyama, A. Ilakovac, T. Kikuchi, S. Meljanac and N. Okada, Eur. Phys. J. C 42, 191 (2005) arXiv:hep-ph/0401213v1.,v2.

[45] S. F. King and M. Oliveira, Phys. Rev. D 63 (2001) 015010 [arXiv:hep-ph/0008183]. [46] Theory and Phenomenology of Sparticles, M.Drees, R.Godbole, and P.Roy,World Scientific Publishing Co. Pte. Ltd.(Singapore) 2004.

[47] A. J. Buras, P. H. Chankowski, J. Rosiek and L. Slawianowska, Nucl. Phys. B 659, 3 (2003) [arXiv:hep-ph/0210145].

[48] L. J. Hall, V. A. Kostelecky and S. Raby, Nucl. Phys. B 267 (1986) 415. [49] H. Arason, D. J. Castano, B. Keszthelyi, S. Mikaelian, E. J. Piard, P. Ramond and B. D. Wright, Phys. Rev. D 46, 3945 (1992).

[50] W. Porod, Comput. Phys. Commun. 153 (2003) 275 [arXiv:hep-ph/0301101] ; W.

Porod and F. Staub arXiv:1104.1573. [51] L.J.Hall, Nucl. Phys. B178,75(1981).

[52] C. S. Aulakh and S. K. Garg, Mod. Phys. Lett. A 24 (2009) 1711 [arXiv:0710.4018 [hep-ph]].

[53] C. S. Aulakh, Emergence of the NMSGUT, arXiv:0707.3204 [hep-ph]. [54] Y.Hayato et al. ,[Super-Kamiokande collaboration], Phys. Rev. Lett. 83,1529(1999);

K.Kobayashi et al. ,[Super-Kamiokande collaboration][hep-ex/0502026]. [55] J. Hisano, H. Murayama and T. Yanagida, Nucl. Phys. B 402 (1993) 46 [arXiv:hep-ph/9207279].

[56] F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl. Phys. B 477 (1996) 321 [arXiv:hep-ph/9604387].

[57] H. Murayama and A. Pierce, Phys. Rev. D 65 (2002) 055009 [arXiv:hep-ph/0108104]. [58] B. Bajc, P. Fileviez Perez and G. Senjanovic, Phys. Rev. D 66 (2002) 075005 [arXiv:hep-ph/0204311].

[59] K. S. Babu, J. C. Pati and F. Wilczek, Nucl. Phys. B 566, 33 (2000) [arXiv:hep-ph/9812538].