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Abstract

We show that (non)supersymmetric SU(5) grand unified models with light coloured
octets and electroweak triplets predict the correct value of sin2(0,u) and don't have the
problems with the proton decay. The phenomenology of light coloured scalars is discussed
briefly.
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There hits recently been renewed interest in grand unification business related with the
recent LEP data which allow to measure sin2(6w) with unprecedented accuracy. Namely,
the world averages the LEP data mean that standard nonsupersymmetric 517(5) model [1]
is ruled out finaly and forever (the fact that standard 517(5) model is in conflict with an
experiment was well known [2] before LEP data) but maybe the most striking and impressive
lesson from LEP is that the supersymmetric extension of the standard 527(5) model [3, 4, 5]
predicts the Weinberg angle 0W in very good agreement with the experiment. The remarkable
success of the supersymmetric SU(5) model is considered by many physicists as the first hint
in favour of the existence of the low energy broken supersymmetry in nature. A natural
question arises: is it possible to invent the nonsupersymmetric generalizations of standard
SU(5) model nonconfronting the experimental data or the supersymmetric grand unified
models are the single possibilities. It is more or less clear that if we consider say 50(10)
grand unified model and postulate the existence of the intermediate breaking scale M/ then
for some scale MI we can obtain the Weinberg angle 6W in agreement with an experimental
data. However in the case of the intermediate breaking scale Af/ we loose the predictive
power of the model that makes such models not very interesting. In refs.[6, 7] it has been
proposed to cure the problems of the standard SU(5) model by the introduction of the
additional split multiplets 5 + 5 and 10 + 10 in the minimal three families 3(5 + 10) of SU(5)
model. Several examples have been constructed.

In this paper we show that split 24 multiplets of 527(5) can cure the problems of standard
nonsuperymmetric 517(5) model, namely by the introduction of the additional light coloured
octets and electroweak triplets 1 which originate from 24 adjoint multiplets of SU(S) we show
that it is possible to obtain the right value of sin2(dw) and to increase the value of the grand
unified scale in order to overcome the problems with too fast proton decay in standard SU (5)
model. We also briefly discuss the phenomenology of light scalar octets.

For the 5Ï7(3) ® 5Î7(2) ® U(I) effective gauge theory the /3-functions up to two-loops are
given by

~ ' 1671-2 ,tï

Here t/i, g2 and g* are the gauge couplings of the U(I), SU(Z) and SU(S) gauge groups
respectively. For the standard SU(5) model with N3 generations and H light Higgs doublets
the coefficients 6, and 6U are [9]

b - . H61 - T+IO (2)
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'The supersymmetric 517(5) model with additional light supeisymmetiic octets, triplets and singlets with
nonzero 17(1) hyperchaige has been proposed by L.E.Ibanez [8] in oidei to obtain MGUT ~ Af PL- However
the Ibanec model predicts sin2(0u, ) = 0.20 that is excluded by the experiment.
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The straightforward application of the renormalization group approach leads [2] (for
H = 1) to sin2(0«,) = 0.214 ± 0.004 and MGUT = (1 - 4) • 1O14GeW that is excluded by LEP
data and also contradicts to the current limit on the proton lifetime r(p -» C+TT") > 9 • 1032

years [1O].
Our main assumption is that besides standard 3 light generations and H light Higgs

doublets there are N8 light electroweak neutral coloured octets and N3 light electroweak
triplets with zero U(I) hypercharge. The light octets and triplets are assumed to originate
from 24-multiplets of 5*7(5). Under the SU(Z) ® 5*7(2) ® £/"(1) subgroup of SU(5) the adjoint
24-multiplet is decomposed as 24 = (l,l)(0) + (l,3)(0) + (3,2)(-5) + (3,2)(5) + (8,l)(0). We
shall assume that the SU(Z) ® 5*7(2) ® CA(I) multiplets (8, 1)(O), (1, S)(O) and maybe (0,0)
are relatively light whereas (3,2)(— 5) and (3,2)(5) multiplets have the masses O(MGUT)-
We shall restrict ourselves to the most natural case NB = Na. So we suppose that we have N,
additional light (with the masses O(mw)) scalar octets and triplets and NF light majorana
octets and triplets (gluino and wino according to the supersymmetric terminology). For such
models the coefficients 6, have the form

h61 =
2 2 4JV ' H N 4AF

- + -6- + T + T- (7)

(8)

The coefficients bij are determined by the formula (5) with the addition of the term
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At one-loop level the solutions for the effective coupling constants are

-4^r = -- + ̂ t, (10)
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where t = ̂  ln(m//j,). Here we assume that the electromagnetic coupling constant oc and the
strong coupling constant 013 are given at the weak interaction scale (J, = mz- The use of the
eq.(10) allow to determine the grand unification scale MGUT^ unified coupling constant ac
and to calculate the Weinberg angle 6W [5, 9] . At one-loop level the following basic formulae
take place [5, 9]

sin2(^) = i[fc - 63 + (6, - b2)C
2—} (11)
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where d = b2 — 63 + C2(b\ — 63) and C2 = |. In our calculations we take a(m^)
= 0.115 ± 0.01. We have found three especially interesting models.

Model (A) (N, = 3,NF = 0,ff = 6).

sina(0«) = 0.2304;™™

Qo-0.3— = 38+0.5

Model (B) (JV, =4,NF = 0,H = 6 or JV, = 0,NF = 1,H = 6).

aï™2//} ^n 9017-0.0025sin ^p11,; — u..so.u+00030

MGUT = 2.0l}'6 - 10l6Gev

Model (C) (JVa = 6, NF = Q,H = 6 or N, = 2,NF = 1,H = 6).

MGUT = 8ÎÎ.4 • 1O

_ 00-0.3
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It should be stressed that it is not difficult to construct the supersymmetiic version of the
models (A - C). As an example consider the model (model (D) ) with light supersymmetric
octet, 8 light Higgs superdoublets and the SU(S) ® SU(2)j® U(I) chiral singlets (1,1,2) +
(1,1,— 2). The representation (1,1,2) can originate from ÎÔ-plet multiplet of STf(S). The
5J7(3)®5£7(2)®£/(1) content of 10 representation is 10 = (3,2, -l/3)+(3, l,4/3)+(l, 1, -2).
So we assume that due to "missing partner" mechanism [12] only particles with quantum
numbers (1, 1, -2) + (1, 1, 2) remain light inside of the 10 + ÎÔ. For the model (D) we find
that 63 = 0,02 = 4 and b\ = 9.6. The corresponding one-loop estimates give

„:„'*( a \sin (8W) =
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The similar predictions has slightly other generalization of the standard supersymmetric
SU(5) model with four light superhiggs doublets, one octet superhiggs, one triplet superhiggs
and two singlet super higgses.

Note that according to LEP data [13] the value of sin2(o,u) in the M S scheme [14] at the
Z° energy is [10, 15]

sin2(0™) = 0.2325 ± 0.0008 (14)

So we see that models (A - D) are in agreement (or at least don't contradict) with the
experiment. The uncertainties in our determination

of sin2(0«,) are related with the assumed 10% uncertainty in the determination of 03(7712).
It should be stressed that in our calculations we have assumed that all additional light
particles (octets, triplets and doublets) have the masses 0(77*«,). Two-loop results depend
on the unknown values of the Yukawa coupling constants. Besides, of course, maybe the
most important are the uncertainties related with the threshold effects. These uncertainties
as is well known from the experience with supersymmetric SU(S) model have the same
order of magnitude as the uncertainties related with the 10% accuracy in the determination
of Ct3(TUz). In model (A) the grand unified scale is increased roughly speaking by factor
6 compared to the grand unified scale in standard S 'U (5) model so the proton lifetime is
increased by factor 6"1 « 103 compared to the prediction [11] of the standard SU(5) model

T(P -» e+ir°) = 4.5 • 1029±1-7yeara. (15)

An upper limit on the proton lifetime in model (A) is 0(3) • 1034 years that is not too far
from the current experimental limit [10]

T(P -» e+7r°) > 9 • 1032yeo7-s (16)

Note that at the end of this century "SUPERKAMIOKANDE" installation will reach the
limit 1034 years for the proton lifetime. Maybe the most interesting is the model (C) in
which the grand unified scale MGUT ~ MPL = 2.4 • 1O18GeW that looks (at least from the
authour's point of view) very natural.

In all considered nonsupersymmetric models we have 6 relatively light Higgs doublets.
So we can suggest that each Higgs doublet couples with its own quark and all the Yukawa
coupling constants have the same order of magnitude. The difference between quark masses
is due to the different vacuum expectation values of different Higgses 2 . The SU(3) <8>SU(2)<8>

2THe considered models predict for small Yukawa coupling constants the ratio m\,/mT slightly bigg-'
than in standard model. However for big Yukawa couplings an account of the Yukawa nonlinear terms in
the renoimalization group equations is very important and it is possible to decrease the predicted value of
m*/JTir- Moreover, it is possible to explain the Tn1Jm11 and md/me ratios by an account of the Yukawa
nonlinear terms in the renormalization group equations (N.V.Krasnikov, in preparation).



(7(1) model with six Higgs doublets has been considered in réf. [16] where it has been shown
that by the introduction of some discrete symmetries it is possible to overcome the problems
with flavor changing neutral currents. Besides, the considered models predict the existence
of the light coloured scalar octets and hence the existence of new type of hadrons containing
the scalar component of $ [̂. Such hadroris due to possible nonzero trilinear term A3Tr(^?)3

in the Lagrangian will decay into hadrons through one-loop diagrams depicted on fig.l with
the typical lifetime T ~ A3^)2M-1. For A3 ~ M, where M is the mass of the $% field,
we find that T ~ (10~2 — 10~3)Af, so we can expect the existence of relatively long lived
hadrons containing the scalar coloured octet. The lightest of such hadrons in analogy with
the case of 7r-mesons is supposed to be the meson which corresponds to the interpolating
current J = wa75$f 11/3 — da~f5$Pd/3 . The existence of such hadrons does not lead to the
problems for cosmology and astrophysics. The electroweak triplets A^ due to nonzero terms
XikAisHkTgHk in the Lagrangian can decay into two higgs scalars and their existence also does
not produce the problems for cosmology and astrophysics. The light coloured scalar octets
give additional contribution to ordinary quark-g'uon jets. In the case of SUSY particles due
to assumed R-parity conservation we have the events 'vith rnssing transverse energy which is
the typical feature and the cornestone in the SUSY particles search strategy. However in our
case coloured octets decay into two gluons that makes the search for such particles extremely
difficult. By the creation of two $ particles in pp or pp collisions due to the diagrams depicted
on fig.2 and by subsequent decay of $ particle into two gluons we find that there is additional
compared to QCD contribution into two jet cross section. The $ particle contribution to
the total two jet cross section is around O(5%) at Sp/>S and Tevatron for the ^-particle
mass 0(5)Gev and it is too small to detect the difference between QCD contribution and
the $ -particle contribution. Besides if the coloured octets are lighter than 2^2- we must have
the new hadrons in the Z-boson decays through the diagrams depicted on fig.3 with the
branching ratio G(I)(^-)2. Due to the decay of coloured octets into two gluons we expect
the existence of additional compared to standard QCD jet events. It should be noted that
there is some discrepancy in the determination of strong coupling constant a3(mz). Namely,
the data from deep inelastic scattering give slightly smaller value for a3(mz) than the LEP
data on the Z-decay width into hadrons and the total <r(e+e~ —» hadrons). In ref.[17] it
has been proposed that light gluino could explain the difference. The light coloured scalar
octets also allow to explain the difference, since they also decrease the one-loop coefficient
in the QCD /^-function that leads to the better agreement between the deep inelastic data
and LEP data.

To conclude we have found that by the modification of the standard 5(7(5) grand unified
model, namely by the introduction of the additional light electroweak triplets and coloured
octets it is possible to obtain good prediction for the Weinberg angle 6W and to increase
the proton lifetime. The interesting feature of the considered models is the existence of
light coloured octet scalars. The experimental data don't contradict to the existence of light
scalar octets with the mass O(5)Gev (at least I don't know the experiment excluding the
existence of such particles). Moreover, some discrepancy between the values of aa(mz) as
determined from low versus high energy experiments can be explained by the existence of
light coloured scalar octets. Of course the nonsupersymmetric models can't solve the gauge
hierarchy problem. But nevertheless it is amazing that the considered models give good
prediction for the Weinberg angle 0m.



I am indebted to the collaborators of the LAPP theoretical department for the hospi-
tality during my stay at Annecy. I thank P.Aurenche and J.Ph.Guillet for extremely useful
discussions on the phenomenology of the scalar octets.

References
[1] H. Georgi and S.L. Glashow, Phys. Rev. Lett. 32 (1992) 438.

[2] U. Amaldi et. al, Phys. Rev. D36 (1987)1385; G. Costa et. ai, Nucl. Phys. B297 (1988)
244.

[3] S. Dimopoulos, S. Raby and F. Wilczek, Phys. Rev. D24 (1981) 1681.

[4] M.B. Einhorn and D.R.T. Jones, Nucl. Phys. B196 (1982) 475.

[5] For reviews and references, see: H.P. Nilles, Phys.Rep. v.HO(1984)3.

[6] P.H. Frampton and S.L. Glashow, Phys. Lett. B131 (1983) 340.

[7] U. Amaldi et. al, Phys. Lett. B281 (1992) 374.

[8] L.E. Ibanez, Phys. Lett. B126 (1983) 196.

[9] For a review see for instance: P. Langacker, Phys.Rep. v.720 (1981) 3.

[10] Review of Particle Properties, Phys. Rev. D45 (1992) 8.1 - 8.7 .

[11] See for instance: W.J. Marciano, in Proceedings og the 8th Workkshop on Grand Uni-
fication, Syracuse, 1987 ed. by K.C.Wali (World Scientific, Singapore, 1988), p.185.

[12] B. Grinstein, Nucl. Phys. B206 (1982) 387; A. Masiero, D.V.Nanopoulos, K.Tamvakis
and T.Yanagida, Phys. Lett. BUS (1982) 380.

[13] R. Tanaka, Electroweak results from LEP, Talk given at 26 International conference
on High Energy Physics, Dallas, August 6 - 1 2 1992, Ecole Polytechnique Preprint
X-LPNHE/92-3.

[14] W.A. Bardeen, A. Buras, D. Duke and T. Muta, Phys. Rev. D18 (1978) 3998.

[15] P. Langacker and M. Luo, Phys. Rev. D44 (1991) 817.

[16] N.V. Krasnikov, Phys. Lett. B263 (1991) 326.

[17] M.Jezabek and J.H.Kuhn, Light Gluinos in Z° decays?, Karlsruhe Univercity Preprint
- TTP 92-37 (1992).



Fig.l. The decay of the $-particle into two giuons
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Fig.2. Graphs for the production of «!-particles in hadron-hadron colliders



+ ~Fig.3. Graphs for e+e


