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In the context of a viable, supersymmetric, preon model, it has been shown by Babu and Pati that the unity
of forces can well occur at the level of preons near the Planck scale. This preonic approach to unification is
explored further in this paper with the inclusion of threshold effects which arise due to the spreading of masses
near the scale of supersymmetiy =1 TeV) and the metacolor scald (,=10'! GeV). These effects, which
were ignored in earlier work, are found to have marked consequences on the running and unification of the
relevant couplings, leading to new possibilities for flavor color as well as metacolor gauge symmetries. In
particular, allowing for seemingly reasonable threshold effects, it is found that the metacolor gauge symmetry,
G, is either SU(6), or SU(4), [rather than SU(5)] and the corresponding flavor-color gauge symmetry
is either SU(2)XU(1)gX SU(4)‘L:+R [for Gy=SU(6)y] or even just the standard model symmetry
SU(2), X U(1)yXSU(3): [for Gy,=SU(6)y or SU(4)]. The prospects of other preonic gauge symmetries
are also investigatedS0556-282(98)05915-3

PACS numbses): 12.60.Jv, 12.15.Ff, 12.60.Rc

I. INTRODUCTION model is far more economical in field content and especially
in parameters than conventional grand unification models.
In the context of grand unificatigri—3], it is known that, The fundamental forces have a purely gauge origin, as in
while the nonsupersymmetric minimal 8 model[2] is  QCD, with no elementary Higgs bosons, and, therefore, no
excluded by proton decay searclidsand by the recent data arbitrary parameters which are commonly associated with
from the CERNe*e™ collider LEP[5], the three coupling the Higgs sector. The most important aspect of the model is
constants of the standard model approximately unify at ahat, utilizing primarily the symmetries of the theory and the
scaleMx~2x 10'° GeV if one invokes supersymmetry, e.g., forbiddenness of SUSY breakingdg], in the absence of
into minimal SU5) [6,7] or SO10). Despite this success, it gravity, it provides a simple explanation for the protection of
seems to us that neither of the two scheni88(5) or  composite quark-lepton massgk9]. The model seems ca-
SQ(10)] is likely to be a fundamental theory by itself be- haple of addressing successfully the origin of family unifica-

cause each scheme possesses a large number of arbitrgy, and that of the diverse mass scalgg], including the

parameters associated with the Higgs sector; the correspon terfamily mass hierarchfil4]. Finally, it provides several
ing Higgs exchange force in each case is thus not unifie

: . . estable predictiongl2,14-117.
Furthermore, neither scheme explains the origin of the three The question of the unity of forces at the preonic level

families and that of the diverse mass scales which span fror\rlwvas explored in a recent work by Babu and 2], where

the Planck mass=£Myp) to m,. These shortcomings are . .
expected to be removed if one of the two schemes, i.e., th% was shown that the unity occurs near the Planck scale

minimal supersymmetric(SUSY) SU(5) or the SUSY ~10'® GeV), in accordance with the LEP data, but with the
SQ(10), could emerge from superstring the$89], which is flavor-coclor gauge  symmetry Ge.=SU(2).xXU(1)r
such that it yields just the right spectrum of quarks, leptonsXSU(4)/+r and the metacolor gauge symmet@y
and Higgs bosons and just “the right package” of Higgs=SU(5)M. Considering that Planck-scale unification, as op-
parameters, thereby removing the unwanted arbitrarinesgosed to unity near 210'° GeV, goes better with the idea
But, so far, this is far from being realized. An alternative Of string unificatio{8—10], we explore further, in this paper,
possibility is that, instead of a grand unification symmetry,the preonic approach to unification, with the inclusion of
the minimal supersymmetric standard model with the “rightthreshold effects, which arise due to the spreading of masses
package” of parameters might emerge directly from a superfear the scale of supersymmetiy {~1 TeV) as well as the
string theory. In this case there is, however, the question onetacolor scalef~10" GeV). In particular, allowing for
mismatch between the unification scale, obtained from seemingly reasonable threshold effects, it is found that the
extrapolation of low-energy LEP data and the expected scalénity of forces can well occur for certain desirable cases for
of string unification, which is nearly 20 times highe0]. which the metacolor gauge symmety, is either SU(6),

For these reasons, it has been suggested in an alternatige SU(4)y [rather than SU(§)] and the corresponding
approach that the unification of forces might occur as well aflavor-color gauge symmetry G;.) is either SU(2)
the level of constituents of quarks and leptons called the< U(1)gX SU(4)°, g [for Gyy=SU(6)y] or even just the
“preons” [11-15. On the negative side, the preonic ap- standard model symmetry SU(2}U(1)yxSU(3)° [for
proach needs a few unproven, though not implausible, dyGy,=SU(6)y or SU(4),]. These possibilities were disfa-
namical assumptions as regards the preferred direction ofored in earlier work because threshold effects had been ig-
symmetry breaking and saturation of the composite spectrumored altogether. While estimating threshold effects at the
[15-17. On the positive side, it has the advantage that thesupersymmetric and metacolor scales, we have used only
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bare masses excluding wave-function-renormalization corHere (x,y) denote the two basic flavor attributes,d) and,
rections which have been shown by Shifnj@0] to be can-  (r,y,b,l), the basic color attributes of a quark lepton family
celled by two-loop effects. We assure that such a cancellg1]. Thus ®*Y and ®*" transform as doublets under

tion does not affect the results of this analysis and th%U(Z)L and SU(2), respectively, while bothbﬂ;y'b*' and
threshold effects due to bare masses are enough to establigl.y.b.l 4o sform as quartets under SUF4),. The effec-

new gauge symmetries. tive Lagrangian of this interaction turns out to possess only

An additional new result of this paper is the equality of o . . ;
one-loop-function coefficients of SU(2)and SU(3); for gauge and gravitational interactions and, as a result, involves
only three or four coupling constants of the gauge symmetry

pn>Ay when these subgroups are embedded Gi, G XG
= fc M-
xgﬂggéx Uo(rl )\éﬁ(s;)_(i)go(Zlei(LZJ)(LS:_(LliRguL(JgC)B;S The model has a profound interpretatiop of the higrarchy
long as the metacolor group @y =SU(6), . This implies of mass scales as foIIO\A[s.Z]_. gorrespondlng to an input
one-loop partial unification of the relevant gauge couplingsvalue of the metacolor couplingy =1/20-1/30 atV /10,
above the metacolor scale. the asymptotically free metacolor force generated by
This paper is organized in the following manner. In Sec.SU(N)\y becomes strong at scaléy~10" GeV for N
Il we present the salient features of the scale-unifying preor=4—6. Thus one small numberAf, /Mp)~10"8 arises
model. The spectrum of composites near the electroweak arthturally through renormalization group equatidifGES
metacolor scales is given in Sec. Ill. Threshold effects due talue to a small logarithmic growth @fy, and its perturbative
composites are discussed in Sec. IV. The equality of oneinput value atM p/10. The remaining small scales arise pri-
loop B-function coefficients for SU(3), SU(2)zx, and marily due to the Witten index theorefi8], which would
SU(3)c using Gy =SU(6)y is proved in Sec. V where the forbid a dynamical breaking of SUSY if there were no grav-
possibilities of different preonic gauge symmetries are alsaty. Noting that both the metagaugino condengatex) and
explored. The prospects of SU(4 s metacolor gauge sym- the preonic condensatg/®y?) break SUSY(for massless
metry are explored in Sec. VI. Results and conclusions opreons, they must both need a collaboration between the

this work are summarized in Sec. VII. metacolor force and gravity to form. Assuming that they do
form, one can argue plausibly that they must each be damped
Il. SALIENT FEATURES OF THE SCALE-UNIFYING by a factor Ay /Mp [20]. Since (424®) breaks not only
PREON MODEL SUSY, but also SU(Z)XU(1)y for a=x,y, one obtains

The effective Lagrangian below the Planck mass in theilis.r\;ere:rlfén?\ﬂ :n?13/310) AS pl('im%iﬂ&n;izgo’\"g\e“\"/”w_lfﬂe
scale-unifying preon mod¢lL2] is defined to posseds=1 w MATEM P )

symmetry of the fermion mass matrix involving three chiral
local supersymmetry and a gauge symmetry of the fom}amilies | and two vectorlike families,  and Q
Gp=G;:X Gy, whereG,,=SU(N),, or SON),, denotes dir L.R LR

the metacolor gauge symmetry that generates the preon binw—he.re the_tchhlral tfarpll(lle? ac_clq_uwebmtahss almost through t_he|r
ing force. Although the underlying flavor-color gauge sym-mIXIngs with vectoriike families by the seesaw mechanism

metry having preons in the fundamental representation ha[iz]' explains F:]he interfarzilé Teﬁrc\?m“"aﬁ(mlﬁ#
been suggested[12] to be G;,=SU(2) XSU(2)k ~§.r(?())t’G[)’T{/[l\éll\]" Ei T“'dve q (bl) € an rrln‘ W ith
X SU(4)°,  [1], any one of its subgroups could be a candi- € - rinaly, a double-seesaw mechanism wi

iy A4l s
date for the effective flavor-color symmetry below the M(ve)~Ay~10" GeV and  m(»)oiac~Am(An/Me)

Planck scald15]: yieldsm(v) <10 *Mp(Ay /Mpy)*~10"2"Mpy. In this way
the model provides, remarkably enough, a common origin of
G13=SU(2) X U(1)yXSU3)c, all the diverse scales fromil 5 to m,, [12].
Owing to the fermion-boson pairing in SUSY, the model
Go113= SU(2) X U(1)rX (U)(1)g_ X SU(3)¢, also turns out to provide a good reason for family replication
and(subject to the saturation at the level of minimum dimen-
Gooa= SU(2) X SU(2)gX U(1)5_ X SU(3)¢, sional composite operatgrior having just three chiral fami-
lies g g [13]. It also predicts two complete vectorlike fami-
G14=SU(2), X U(1)y X SU(4)E, r, lies Q_r=(U,D,N,E) g and Q[ g=(U’,D',N",E')_ r
with masses of the order of 1 TeV whe@g r couple vec-
Gpa=SU(2), X SU(2)gX SU(4)C 1. (1) torially to W 's andQ/ g to Wg's. The masses of the super-

partners of all fermions are predicted to be 0.5-2 TeV.
Here G,,,3 and G,,, are assumed to possess left-right dis- The model presumes that the preonic condenggte
crete symmetry(=parity), leading t0g, (1) =g,r(r) for  transforming undeG,y, as (1,3 10°C), is formed and its
u=A,,. The gauge symmetr@, operates on a set of pre- neutral component acquires a vacuum expectation value
onic constituents consisting of six positive and six negative VEV), (A%)=A\y=10" GeV, which preserves SUSY, but
chiral superfields, while each of these transforms as the furbreaksG,,, and its subgroups tG,3. Finally, the conden-

damental representatids of Gy, =SU(N); : sate(yy?), for a=x,y, breaks SUSY as well as the elec-
a a a a troweak gauge symmetry, SU(2XU(1)y. As a result, the
OL=(Pr, YL r: FL R, a=(Xy,r,y,b,l). model leads to many consequences common with a two-step
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breaking of S@L0). Subject to left-right symmetry, af g=(u,d,v,e), g,

the effective Lagrangian has three gauge couplings with ' '

GouXSUN)y and  four  with  Gy3<XSU(N)y, af' g=(C,S, v, , )L R

G5142XSU(N)y, and G,13X SU(N)y , but five with G,q43

X SU(N)y . Furthermore, if the gauge symmetBg and the af r=(t,b, v, 7) g,

associated preon content specified above arise from an un-

derlying superstring theory, in particular, through a four- QLr=(U,D,N,E)_ g,

dimensional constructiof®] with k=1 Kac-Moody algebra,

the few gauge coupling constants of the model would be Q g=(U",D',N",E")_r- 2

equal to one coupling at the string unification scile,
~10" GeV (barring string threshold effedt§10]. It is this ~ The spectra of light and heavy particles including matter
possibility of gauge-coupling unification at the preon level, multiplets near the electroweak and the metacolor scales and
with Gy, =SU(6)y and SU(4),, which is explored in this their quantum numbers under the gauge groGps, and
paper including threshold effects Bits sy and Ay, . G,i3are summarized in Table 1. In order to compute thresh-
As it is well known that the flavor symmetry near  ©ld effects, we present, in_ Table I, assume_d, but plausible
—100 GeV is given by the standard gauge symm@gy; Values of masses for the Higgs scalars and different members
with quarks and leptons in the fundamental representatiof! Vectorial families along with the current experimental

and that at low energies is U(J )X SU(3)c, it might appear valug form, _in_cluding their contribu.tions to one-loop-
that the five flavor-color symmetries given in Eq$) have function coefficients. The corresponding values for all the

been arbitrarily chosen for the preonic effective LagrangianSUperp"’lrtners of the standard chiral families, gauginos, and

But realizing that the two important ingredients in the modelzlllgt%‘:nsous gea%,'{\r/z?slr(')fTS\?(levg::'t('):r?i:(éh?a;ai‘:i(sso;se'rgg!ﬁ'rt%/é d
[12] are left-right symmetry and SW¥) color [1], the flavor- perp

to be degenerate at the scales=1.5 TeV, above which
color symmetryG,,, has been suggested as the natural 9aug8sy is assumed to be restoreds usual, there are two

symmetry near the Planck scale in the presenceG@f  iggs doubletsy type andd type, near the electroweak scale
=SU(N)u - Thus, belowu=Mp|, Gz itself or any of its  contained in thes,,, submultiplet$(2,2,1, which is a two-
four subgroups given in Egél) could be natural choices for body condensate made out of the preons.
the preonic effective Lagrangian. However, in addition to the  As noted in Sec. Il it is essential that the four-body pre-
assumed saturation of the minimum dimensional operatognic condensatadr(1,3,10 ) is formed with mass neak,,
and the composite spectrum, the model has an arbitrarinesg drive the seesaw mechanism, resulting in small values of
in that it does not specify a unique direction of symmetrythe left-handed Majorana neutrino mass. The underlying left-
breaking. This latter feature is also common to the usuatight symmetry of the effective Lagrangian then requires the
SUSY S@10) with more than one choice for intermediate formation of the corresponding compositg (3,1,1¢). In
gauge symmetries. But, nevertheless, the preons combine tact, preservation of SUSY down to the 1 TeV scale, espe-
form quarks and leptons, and Higgs scalars nearA,, due cially through theD term, may require an additional pair
to the strong metacolor binding force, and every oier, A, + Agr having masses the same as their counterparts in the
except G,13, undergoes spontaneous symmetry breakingfirst pair. In what follows we will drop the distinctions be-
leading to the standard gauge symmetry. In addition to théweenA; and A; (i=L,R) as both have identical contribu-
three standard families of quarks and leptons, the new vedions to 8 functions. Thus two sets ok, and A are the
torial fermions are predicted to have masses near 1 TeVhinimal requirements of the scale-unifying preon model. Be-
which can be testified by accelerator experimgit3—17. fore_AS acquires VE= A, =10" GeV, the massess of
The right-handed neutrinos aquire masses mgaand con- A (A) andAg(Ag) are identical. But the VEV splits them,
tribute to the seesaw mechanism. leading to their mass ratio, which could be as large as 3.
In specific cases, we will also assume the formation of
composite Higgs supermultiplets of the typ€l,1,19 and
Ill. SPECTRUM OF COMPOSITES NEAR ELECTROWEAK £(2,2,15 underG,y, as optional choices. Itis to be noted that
AND METACOLOR SCALES while the fieldo(1,1,15 is a two-body composite(2,2,15
is a four body composite. Since the masses of these compos-
In this section we discuss briefly the spectrum of massivetes are not constrained by the VEV af, they are allowed
particles near the electroweak scal4) and the metacolor
scale (\y=10" GeV). In the scale-unifying preon model,
the left- and right-handed chiral fermions in each of the three ;

HH * C * C
ffamlhes transform as (21,4°") and %1'2*’4 ), respec- of SO(10). Thus their contributions t@ functions are the same as
tively, under SU(2)XSU(2)rX SU(4) . g [1]. The tWo o0 of two standard chiral families.
vectorlike familiesQ_ r and Q|  transform as (2,1,4* ) 2Changing the superpartner scale friiig=1.5 TeV, used in this
and (1,2.4*©), respectively. The members of the five fami- analysis, toMs=1 TeV would increase the value of the strong in-
lies predicted by the scale-unifying preon mofiE2,13 are  teraction coupling by less than a few percent without any significant
denoted by change in the results and conclusions.

Two vectorlike families have the quantum numbers of & 16
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TABLE I. Light and heavy spectra in the scale-unifying preon model and their quantum numbers under

Gaz4 aNd Gyy3.
Particle type
Particle type and under the standard Gy
G,,4 quantum nos. model quantum nos.

LH quarks and leptons u,d), ,(c,s),(t,b). (2,1/6,3
ar7(20,1,4¢) (ve.®)L (v, )L, (v 7L (2,-112,9

RH quarks and leptons Ug,Cr,tr (1,2/13,3
AR "(1,2r,4¢) dr,Sr:Pr (1,-1/3.3

€R MR TR (1,-11

Ve Vs Vg (1,0,
LH vectorial quarks and W.D). r (2,1/6,3
LeptonsQL,R(ZL,1,4*C) (N,E)Lr (2,—1/2,9
RH vectorial quarks and u'.D)r 1,213, 3
LeptonsQLR(l,ZRA;) (N E")Lr (1,-1/3,9
Bidoublet of Higgs h, (2,1/2,)
scalars¢(2,2,1) hy (2,—1/2,1)
Minimal sets of heavy Higgs
Al4(3,1,10),A541,3,10°) See Table V See Table V
Other sets of heavy Higgs
£1%42,2,15) p14(1,1,15) See Table IV See Table IV

to vary over a wider range arountly, as compared to the we present the superheavy-particle spectra near the meta-
masses of\; andAg. It can be argued that more than one color scale with their respective quantum numbers under
set of o and £ fields are allowed to form, but we will confine G,,, andG,;3.

ourselves to at most two such sets with massesqJIA, or

(1/7-1)A )\, as the case may be. All masses used for the IV. THRESHOLD EFFECTS AT LOWER

estimation of threshold effects near the metacolor scale as AND INTERMEDIATE SCALES

well as the supersymmetry breaking scale are bare masses

devoid of wave-function renormalization, which is shown to  In this section we discuss renormalization group equa-
be cancelled out by two-loop effedt®0]. We assure that the tions [21] for gauge couplings in the scale-unifying preon
threshold effects due to bare masses are enough to establistodel using the gauge symmetry SU(X)U(1)y
new gauge symmetries and the observed cancell#6h X SU(3)°(=G,;9 for the composite quarks, leptons, and
does not affect the results of this paper. In Tables IV and WHiggs scalars and their superpartners betwdenand Ay, .

TABLE II. One-loop B-function coefficients for particles at lower threshold with their quantum numbers
and assigned values of masses used for computation of threshold effects.

Gy Mass
Particle type quantum nos. (GeV) by b3 b3
LH top t_ (2,1/6,3 175 1/30 1 1/3
RH toptg (1,2/3,3 175 8/15 0 1/3
u-type Higgsh, (2,1/2,) 120 1/10 1/6 0
d-type Higgshy (2,—-1/2,3 250 1/10 1/6 0
LH vectorial quark
Doublets U,D)_ r (2,1/6,3 500 2/15 2 4/3
RH vectorialu-type
QuarksU| g (1,2/13,3 500 16/15 0 2/3
RH vectoriald-type
QuarksD g (1,-1/3,3 500 4/15 0 2/3
LH vectorial lepton
Doublets (N,E) r (2,—1/2,1 100 2/5 2/3 0
RH vectorial charged
LeptonsE| g (1,-11 100 4/5 0 0
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TABLE Ill. Same as Table I, but for superpartners only, and the number of squarks and sleptons
correspond to summing over three flavors.

Go3 Mass
Particle type quantum nos. (GeVv) b7 b3 b3
Gluino (1,0,8 150-200 0 0 23
W-ino (3,0, 100-150 0 4/3 0
LH slepton doublets (2,—1/2,3 500-1500 3/10 1/2 0
RH charged sleptons (1,-1,1 500-1500 3/5 0 0
LH squark doublets (2,1/6,3 500-1500 1/10 3/2 1
RH u-type squarks (1,2/13,3 500-1500 4/15 0 1/2
RH d-type squarks (1,1/3,3 500-1500 1/5 0 1/2
u-type Higgsino (2,1/12,) 100-300 1/5 1/3 0
d-type Higgsino (2,—-1/2,1) 100-300 1/5 1/3 0

At first the gauge couplings @b,,5 are evolved froniM , to Ai(s). The one-loop coefficients; in Egs.(3) are computed

Ay assuming the SUSY-breaking scale toMg=1.5TeV  using three generations of fermionsy&3) and excluding

and including threshold effects &, and Mg through the  the contributions of the Higgs doublets (=0) and vector-
matching functionsA(® andA(®, respectively[22,23. The like families. Since the contributions of the Higgs scalars and
RGEs for the three gauge couplings®f5 (i=1,2,3) are  vectorlike families are included i(® , incorporating the
specific assumptions on their masses, the approach adopted

1 _ 1 + ﬂ| MS bi In AM NCE here is equivalent to the conventional approach as the con-
ai(My)  ai(Ay) 27 277 tribution due to every particle to the gauge-coupling evolu-
tion is accounted for:
A(L) A(Z)+A(S) (3)

11
where we have neglected two-loop effects. Threshold effects bj=——+ t2(V)~I— 2 to(F)+ 2 t2(S), (6)
at Ay, have been included in the second part of this section.

The left-hand sidéLHS) of Egs.(3) is extracted using the _
CERN-LEP data and imprO\(/qed determination of thge fine-Whereta(V), 1,(F), andt,(S) denote the contributions of

structure constant afl,=91.18 GeV[5], gauge bosons, fer_mions, ancj Higgs scalars, respectively. For
an SUf) group with matter in the fundamental representa-
sirt 6y (M) =0.2316, tion and gauge bosons in the adjoint,
a Y(Mz)=127.9:0.2, to(F)=1(S)=1/2, ty(V)=n,
ag(Mz)=0.118+0.007, (4)  whereag,(V)=0 for any U1) group. With supersymmetry,
Eq. (6) gives

leading to the following values of couplingsf G,yzatM;:

a; '(Mz)=58.96, b/ =—3t,(V)+ > to(F)+ > tx(S). 7

a, {(Mz)=29.62, . .
TABLE IV. One-loop B-function coefficients for the compo-
-1 _ nents of theG,,, Higgs supermultipleg(2,2,15) near the metacolor
a3 (Mz)=8.3320.63. ®) scale under the standard gauge gr@s.

The matching functiond (?) include threshold effects due to

the top-quark coupling to the photon, the electroweak gauge 213

bosons, and gluons, and its Yukawa coupling to the Higgs submultiplet bi b; b5 by b7 =bj
scalars[23]. The contributions due to the two Higgs dou- £,(2,1/2,1) 3/10 1/2 0
blets, the additional fermions of two vectorlike families ¢,(2,—1/2,1) 310 12 0
(Q,Q’) and all superpartners, having specific values of ¢(2,-1/6,3) 1/10  3/2 1
masses within a given range, but belty, are included in £4(2,~716,3) 49/10 3/2 1
&(2,-716,3 4910 32 1 775 15 16
¢6(2,1/6,3 1710 32 1
3The value of sift,(M7)=0.2316 is consistent with a heavy top  £,(2,1/2,8) 24/10 4 6
quark (m;=175 GeV). We ignore negligible threshold effects due ¢4(2,—1/2,8) 24/10 4 6

to the top-quark mass on electroweak gauge couplings.
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TABLE V. Same as Table IV, but faB,,, multipletsA, (3,1,16),

tent with the experimental value of the top-quark mamss,
Ar(1,3,16°), ando(1,1,15.

=175 GeV, we ignore negligible electroweak threshold cor-
rections due to the heavy top quark, but include those on
ag (M) and Yukawa coupling corrections. The coupling of
the top quark to gluons gives rise to

GZlS
submultiplet b7 b

NR
o
we

b  Sbg  Sb¢

ARl(l,l,l) 3/5 0 1
AR2(1,2,1_) 1/5 0 At3°p=— In ﬂ =0.07. (10)
AR3(1,1/3,3 1/5 1/2 37 My

Ar(12/3,3 45
Ag(1-4/3,39 16/5
Ar(11/3,6 205
Ar(1,-2/3,§  8/5
Ar(14/39 32/
A, (3.1.1) 9/5
A(31/33 3/5

The top-quark massn,=175 GeV is consistent with its
Higgs-Yukawa couplindy=1, leading to threshold correc-
tions at the two-loop level:

78/5 0 9

2
t

3273

A
b/PIn =2 (1)

AYuk— ,
I MS

topp,__ 'S
b In 72 Gev

o OO0 000 0o o
[y
~
N

32 18/5 20 9 : _ _
whereb;*P=(17/10,3/2,2) foi = 1,2,3 in the standard model

A (3-1/36) 6/5 12 15/2 o _ - .

o 21 ~2/3,3) 45 0o 12 and b/ °P=(26/5,6,4) in the minimal supersymmetric stan-
102(’1,2/315) 45 0 12 85 o 4 dard model (MSSM. Using Ms=15TeV and Ay
5(1,0,8) 0 0o 3 =10" GeV gives

AT*=0.10, AY*=0.12, AY*=0.08. (12
In region | whereu=M; to Ms=1.5TeV, we evaluate the Adding the contributions in Eq$10) and(12) yields
coefficients by including the contributions of gauge bosons

and three standard fermion generati@as all other contri- AP=0.10, AP=012, AP=0.15. (13)
butions in this region are included i:tni(s)):

It is clear that the corrections are smaller and unlikely to

bae — 1—1><3+ f><3——7 affect our analysis unless the Yukawa couplings of heavy
3 3~ families are much largétj.e., hg o =3-5.
Threshold effects a1 g due to masses below it are com-

11 4 10 puted explicitly using the second and third terms ).

by=— 5 X2+ 3X3=~ =, depending upon the nature of the partiate
b M
4 (S — L
b1=§><3=4. (8) Aj _g 2 In Mg’ (14)

In region Il whereu=Msgto Ay, the spectrum of particles The values ob{® and the massed , used in this analysis are
consists of the gauge bosons@ils' the three normal fami- diven in Tables Il and Il for each partlcle, which lead to
lies of ferm!ons (1,9:3), two addl.t|0nal vectorlike families AGI_-18  AS_-23 A(S_-18 (15
corresponding tmg=ng+2, two Higgs doublets, and super- 1~ -10 2 T -0y 3 T -1

partners of these particles such that SUSY is restored.for

~Mg=15 TeV. Using Eq(7) we evaluate Combining Eqs(13) and(15) gives the following threshold

corrections at lower scales:

b§=—3><3+2n§']=1, Al = —170 A(zl_)_—z.zo AL = —165 (16)

1 — -0.90’ —0.80’ 3 —0.95*
bj= —3><2+2né+2><£=5, In Egs.(15) a_nd(16) the upper ar_ld Iovyer entries are due to
2 lowest and highest values ™ , given in Tables Il and Il1.
The evolution of the gauge couplings upge= A, , includ-
b’ =2n’ + E: E” o) ing threshold effects atl; and Mg, but excluding those at
1 95 5° Ay, vields
Now we discuss explicitly how threshold effects at the a; H(Ay)=26.6 (25.6),

boundariesM s and M7 are evaluated.

A. Threshold effects at lower scales . . . .
“Since the masses of vectorlike families occur as off-diagonal

The top-quark threshold contribution, which is the sameelements, they receive no contributions from the Yukawa couplings
in SUSY and non-SUSY standard models has been discusseglthe two Higgs doublets of the standard SUSY model. Hence their

in Ref.[23]. Since the value of sfii, in Egs.(4) is consis-  Yukawa contributions to threshold effects are likely to be smaller.
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a, }(Ay)=16.0 (15.67), 1
53:% (1674975 +972,+47,). (21
a3 (Ay)=7.6+0.6 (6.9+0.6), 17
There are slight variations from Eg&1) in specific cases
where the quantities insid@utside the parentheses in Egs. depending upon the preonic gauge symmetry given in Egs.
(17) are due to the loweshighes} values ofA® in Egs. (D). In the case ofGs.=Gypy3, certain components of

(16). The gauge couplings at the metacolor scale are theAr(1,3,10 ©) are absorbed as longitudinal modes of SW(2)
obtained as gauge bosons, leading to

_ 1
91(Aw)=0.685 (0.700, Si=15= (TTme+18ny +757, +87,), (22

92(Aw)=0.833 (0.894, but the expressions fob, and §; are the same as in Egs.

(21). Similarly, when G;.=G,,4, the submultiplet having

Ay)=1.28+0.05 (1.35£0.06). 18 .
93(Am) ( o 18 e G153 quantum numbers (1,2/3,3s absorbed as a longi-
tudinal mode of massive SU(4)gauge bosons and does not
B. Threshold effects at the metacolor scale contribute tod; and &5:

As explained in Secs. Il and Ill, we will use two sets of 1
the Higgs superfieldd | (3,1,1¢) and Ar(1,3,16°) in all 81=—— (779 + 18y, +71n, +87,)
107 & Ap Ag ol
cases and two sets ¢(2,2,19 ando(1,1,15, wherever nec-
essary. Denoting; (A ) for the gauge couplings @®,; at
A, including threshold effects through the matching func-

1 17 1
) 83==— | 167:+9np + = 7a_t47,|——, (23
tions &, , they are related ta;(A ) of Egs.(5) and(17) as S 2w AL 2 ThR 4

1 1 where the term- (4) ! arises due to conversion from the
ai(Ay) = ol (Ay) — 4. 19 DR to MS schemd23]. The expression foé, in this case is
' the same as in Eq$21). In the case of3;,=G,y4,

In addition to the superheavy-particle-threshold effeés, 1
may haye a very small_correcnon .d.ue to.cgnversmn fro.m the 51:@ (TTne+18ny + 749, +87,), (24
dimensional reduction@R) to modified minimal subtraction

(MS) schemg23] in the relevant casésThe matching func- )+ the expressions faf, [ 8;] are given by Eqs(21) [Egs.
tions §; are evaluated by the one-loop approximation as 23)].

Y bf
5i:E —In _”ZE Z Ny, (20 V. PREONIC GAUGE SYMMETRIES AND UNIFICATION

s 2m Ay 5 OF GAUGE COUPLINGS

wherep runs over all the submultiplets of @,,, multiplet In this section we explore possible gauge symmetries of
and we have used the notatign=In(M,/A,). The decom- the pgeomc effective Lagrangian ghat operates fl’,QFFIAM
position of eactG,,, representation und@,;;and the con- =10 GeV to My (=Mp/10=10° GeV). In Ref.[15] it
tribution to the one-loop3-function coefficient Ebf) are has been successfglly demonstrated that unity of fundamen-
presented in Tables IV and V. Since the exact values of thé? forces occurs with preons as fermion representgtlons of
masses of the submultiplets are not predicted by the modei® ~ gauge  group Gp=SU(2) X U(1)rX SU(4) g

we make the simplifying assumtion that all the submultipletsX SU(5)w - In this section we confine ourselves to prospects
belonging to the samé,,, multiplet have a degenerate bare of SU(6)y . In what follows we search for converging solu-
mass[20]. Including all possible contributions due to the tions to gauge couplings as we approddfy. We prefer

G,13 representations of Tables IV and V, we obtain approximate to exact unification of the gauge couplings as
the gravitational effects are to make substantial contributions

1 which might compensate for the remaining small differences.
61=70, (17141875 + 7875 +817,), The RGEs for the gauge coupling&;(u)=07(w)/4]

of the preonic effective Lagrangian far= A\, to M, can be
written at the one-loop level 421,23

1
6= (157:+20n, ), ) Ly .
W) w27 M Ay, @9

*The termANY=—C,(G;)/12m, whereC,(G;)=N for SUN), ~ whereb is the one-loop coefficient of thg function with
but C,(G;)=0 for U(1), appears from the necessity to use Bl preons in the fundamental representation, which are sepa-
scheme. rately evaluated in each case. For the computation of thresh-

115006-7



M. K. PARIDA

old effects, while a mass ratjo= Ma, /MA =2-3 could be
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TABLE VI. Gauge couplings at different mass scales in the

considered natural, we also keep an open mind to exmorgresence of two sets of relevant Higgs superflelds for the preonic

unification possibilities with such values of the inverse masgY™"
ratio. We adopt the strategy of examining approximate uni-

fication starting from smaller values of th& —Ag mass

difference within 10%-20% and then increasing the mass

difference corresponding to higher values @f When we

find that approximate unification is not achievable with the

minimal two sets ofA; and Ak, fields, we introduce thresh-
old effects due to the two optional sets of fie§g,2,15 and
o(1,1,15. We report our investigations in different cases.

A. Gp=SU(2), X U(1)gX SU(4)C, r X SU(B)

Corresponding t@Gp=G,1,XSU(6)y, i=1R, 2L, 4C,
and 6 in Eq.(25), and the one-loop coefficients are

"o_ "o_ no_ _ "n_ _
lR_S’ 2L 3’ b4C_ 6’ b6_

etry Gp=SU(2) XU(1)rX SU(4)L+R>< SU(6)y, with
M, =35x10" GeV andp=M, /M, _=1.1. Note that the four
gauge couplings converge W|th|n 4% ,asapproaches 8 Gev.

Mass scald w)

(GeVv) Or(m)  Gor(m) Qac(n) o)
10'° 0.580 0.617 0.6240.007 0.613
10'8 0.570 0.628  0.6460.007 0.658
10t 0.527 0.722  0.92%0.007

In the presence of only the minimal number of two sets of

fields, A +Ag and A, + Ag, as mentioned in Sec. lll, Egs.
(28) imply®

M, =My =3.5x 10" GeV,
L L

The matching conditions between the gauge couplings of

elementary preonpg;(u)] and composite fieldgg;(x)] at
u=Ay are written as

ay (Aw)+ 8=ay (Ay), (263
az M(Aw) + 8=, (Aw), (26b)
. 3 2
a; (Ay)+061= 5 alR(AM) 5 a4c(AM) (260

where the LHS in Eqs(263—(260 are a/ (u=Ay) (i
=1,2,3) of Eq.(19). Using Egs.(26b) and(17) in Eq. (260
gives

3

2
5 = 03+23.66-0.38,

Air(Ay)=8,— 5

z 05t 27

which yieldsal‘Rl(AM) once 6, and 83 are specified. Ex-
cluding threshold effects gt =A,(6;=0) and extrapolat-
ing the gauge couplings ta=10" GeV gives @, (M)
=23.8 and&;cl(MU)=23.O. This implies that when thresh-
old effects are includedj,= §3=7 for an approximate uni-
fication of gauge couplings with SU(f)corresponding to
5 *(My) =30 provided the matching conditid27) is sat-
isfied with suitable values of; and'&_l(AM) It is found
that these threshold corrections are significantly less com
pared to other models with SU()investigated in this pa-
per.

To see how unification is achieved, we start with~=8
and §3=7. Then using Egs(21) and (23) and settingy,,
=7,=0, we obtain

7a, =25, my,=2.4. (28)

My =Mj =3.2% 10 Gev, (29

which differ by only 10%. It is to be noted that these are bare
masses including splitting due to the VEV Aﬁ, since the
wave-function renormalization effects have been shown to
be cancelled by two-loop contributiof20]. The values of
&[R(AM) are obtained from Eq(27) as &, is determined
using Eqgs(28) and7,= 7,=0 in Eqs (23). Then@ ;2 (My)

is known through its RGE. Witfwg *(10'®) Gev=29, the
gauge couplings at three different scales 10*, 10'® and
10 GeV are presented in Table VI. It is clear that the least
difference between the gauge couplings, which is 2%—-3%,
occurs near 18§ GeV: i.e., the unification appears to occur at
a scale one order higher than expected. The evolution of
gauge couplings in this model is shown in Fig. 1. Even
though the mass difference betwe#np(A,) andAg(AR) is
small, the strong interaction couplifgsc(A )] of compos-

ite fields and the SU(Af)FR coupling of preonggsc(Am)]
exhibit a nearly 35% difference due to the threshold effect at
w=Ay. Similarly, g, (Ay) andg, (Ay) show a nearly
20% difference. These are due to the fact that the individual
masses of the two sets of fields given E@9) deviate from

Ay by a factor of 3.2—3.5 which contribute to such signifi-
cant threshold corrections. The remaining small differences
among the gauge couplings at=10'° GeV are expected to
be compensated by gravitational effects.

B. Gp=SU(2), X SU(2)gX U(1)g_, X SU(3)cX SU(6)

In this case we assume the gauge group to possess left-
right discrete symmetry starting from= A, to Mp, with

®In our notationA| g=A{ r andA_g=A? ; for the minimal two
sets of fields needed from considerations of left-right symmetry,
spontaneous breaking of gauge symmetry, or generation of RH Ma-
jorana neutrino mass and preservation of SUSY down to the TeV
scale(see also Tables | and)V
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T T T T T T T T sincea, (My)=asc(My). But Egs.(31)—(33) imply
- Gz|4XSU(G)M - N:6, (34)

proving that the metacolor gauge group is SUf6jJo
achieve such one-loop unification from= Ay, to My, .
The matching conditions witk;.=G,,13at u=Ay, are

az "(Ay)+8=a3" (Ay)=azr(Ay),

az ((Am)+ 83=a3 (Ay),

g;( )

. 3 2
a; (Ay)+ 1= aZR(AM)+ agi(Ay). (39

Combining the first and third equations in E¢35) and us-
ing Egs.(17), we have the following matching constraint:

°2r I Fl(Ay)= 2 Bi— 2 65,4425 (36)
S N N R B | [ Y NN S N N W A | BL M 2 2 -9
2 6 10 12 14 16 I8
log,,(u/GeV) Approximate unification of gauge couplings aw

=10™ GeV with two sets of four fields is found to be pos-

FIG. 1. Unification of gauge couplings and their evolution from sible when theA, —Ar mass difference is enhanced, but
Mp=10" GeV to M including threshold effects at lower and in- remains within an acceptable limit corresponding o

termediate (metacoloy scales for the preonic gauge symmetry = |\/|A /|\/|A =1.6. The individual masses and values of

SU(2). X U(1)gX SU(4)L+R>< SU(6)y with a minimal two sets of cou 8
pImg constants atu=M_ =10 GeV and u=Ay
0,
A, andAg fields and 10% mass difference between them. 10" GeV are found to be

020(1) =0Q2r(u). Denotingi=1g,, 2, , 2g, 3¢, and 6 in _ 1 _ 1
Eq. (25), the one-loop coefficients are MAL 7.8x 10" GeV, MAR 4.7x 10" GeV,
6 M =5.7x10" GeV, M,=3.3x10GeV, (373
=6, by -6+ =" 3,

920(My)=02r(My)=0.640, Qg (My)=0.6186,
3c=—9+6=-3, bg=—-3x6+6=-12. (30 5 5
Jac(My)=0.643+0.007, Gs(M)=0.636,
The equality of the coefficients;, =b5z= b3 signifies uni-

fication of SU(2) and SU(3) gauge couplings fromu QoL (Apm)=02r(Ay)=0.740, Qg (Ay)=0.508,
=A\ to Mp, at the one-loop level when preons are in the
fundamental representation and the metacolor symmetry is Tac(Ay)=0.745+0.007. (37b

SU(6)y . This is a common feature fdB;.=Gs13, G113,
andG;z3whenGy = SU(6)y as can be seen in the follow- |t is to be noted that the masses/f andA are constrained
ing. by spontaneous breaking of the left-right discrete symmetry
Suppose thaG=SU(N)y for all three types ofGi..  and the SU(2)xU(1)s_, gauge symmetry irG,,,3, but
Then the one-loop coefficients for SU(2and SU(3} are  there are no such constraints on the masseésaoi o fields.
In no case should the mass of any of the four fields be widely
" =—6+ E 1o=—9+N. (31) different_fromAM . From such consideratio_ns the m:M_g
2 =33A, in Eqg. (378 may be near the maximally permitted
o ] value. However, if there are more than two sets of degenerate
The one-loop unification for all values gf starting from  ; condensates in the model, its mass is likely to decrease.
w=Ay to u=My is guaranteed by the RGEs provided,  The evolution of gauge couplings froM, to M, through
Ay is presented in Fig. 2 where threshold effects at lower

a1 =Db3c=b}, (32 and intermediate scales are also exhibited.
with
C. Gp=SU(2) xU(1)yX SU(3)cx SU(6)
1 1 bi My Corresponding to this symmetriy=1Y, 2L, 3C, and 6

In—, i=2L,3C, (33
M

() B a(My) * 2 in Eq. (25), and the one-loop coefficients are
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— T 21 My 3 My
18 - 0s N &, ~108 5 Ino=77, (40)
1.6 - Egs.(25) and(38)—(40) have the predictions
14 I av(My)=26.7-10.8=15.9,
1.2: M aZL(M )=16.1-7.7=23.8,
ol 93¢ w3d(My)=7.6+7.7+0.6=15.3+0.6. (41)

Thus, starting from the CERN-LEP dataatM, includ-
ing SUSY threshold effects, but ignoring the intermediate-
scale-threshold corrections at= A, , there is no possibility
of the unification of gauge couplings at the preonic level
with G;.=G,,3. When attempt is made to unify the gauge
couplings including intermediate-scale-threshold effects, we
COMPOSITES— note from Eqs(41) that the corrections on each @f *(A )
02t . and a3_1(AM) must be nearly 2 times as large as that on
TR SN S S I S Y O N BRI az_l(AM). Including threshold effects, the matching condi-

2 6 1012 14 1 I8 tions atA,, are

log,o(p/ GeV)

-~ Yy

a; {AM)+8=a; Y(Ay), i=1Y,2L,3C. (42
FIG. 2. Same as Fig. 1, but for the left-right symmetric preonic
gauge group SU(Z)<SU(2)rxU(1)s- XSU(3)cXSU(6)y  We have observed that a good approximate unification of
with two sets of four fields\, , A, ¢ ando, as described in the  gauge couplings is possible with two sets of four fields if the
text, and for 60% of mass difference betwe&p and Ag. The A _A_ mass difference is enhanced to correspond to the

SU(S)C_a”d1SU(2l8°°“p“”gs follow almost the same trajectory ratio M,. /M, =3.8 for the following values of the indi-
from w=10" to 10'® GeV because of one-loop unification in this vidual mRassesL'

range in the presence of SU(®)

=1.3x10" =5x 10!
,_TX6 21,6 My, =1.3x10" GeV, M, =5X10"GeV,
=g T g PaT—3X2t5=-3,
00 2 M,=3.4x10'' GeV, M,=5.7x10"GeV. (43

3c=—3X3+6=-3, bg=-3X6+6=-12. (38)  The values of the couplings & andA,, are

It is interesting to note that 01v(M;)=0.633, 7, (M)=0.633,
2. =b3c=-3, Tsc(My)=0.655£0.007, Tg(M)=0.633,
which implies unification of the preonic gauge couplings of 91v(Apm)=0.546, gy (Ay)=0.735,
SU(2), and SU(3} at the one-loop level for all values of
from Ay, to M, as explained in Sec. V B, i.e., Gsc(Ay)=0.758+0.007. (44)
T2 () =0sc(m), m=Ay to My. The evolution of gauge couplings froM to M, is shown

in Fig. 3 where the approximate unification M, and the
In order to achieve approximate unification of the gauge couene-loop unification ofg, () and gsc(u) for u=Ay to
plings atM =10 GeV, we needrg }(My)=27-30. Ne- M, are clearly exhibited. A nearly 70% difference between

glecting threshold effects aty, gives the SU(3): gauge couplings of composites and preons com-
pensated by threshold effects /&, is found to exist in this
HI\}(AM)ZaIl(AM)ZZG.?, model. The corresponding differences between the SU(2)
and U(1), gauge couplings are noted to be nearly 20% and
ang(AM) =a, l(AM) =16.1, 27%, respectively.
w3l (Aw)= a3z (Ay)=7.6x0.6. (39 D. Gp=SU(2) X U(1)gX U(1)g_ X SU(3) 3¢ X SU(6)
In this casd = 1R, BL, 2L, 3C, and 6 and the one-loop
Since coefficients are
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The knowledge of RGEs then determines the values of hith-
erto unknown couplings at lower scalgs<M . With two
sets of four fields, we obtaid;=16.1, §,=7.7, and 55
=15.1 and all the four gauge couplings close to one another
while satisfying approximate one-loop unificatiogy(u)

=gs(u), for all u from M to Ay, . The masses of the four
fields are

M, =10 GeV, M, =4.4x10" GeV,
L R

M,=5x10" GeV, M,=7.3x10" GeV. (473
The gauge couplings &, andA,, are computed as
91r(My)=0g1(M)=0.630, G, (My)=0.631,
03c(M)=0.642+0.007, gg(M)=0.641,
91r(AM)=0.563, Qg (Ay)=0.515,
ToL(Ay)=0.726, Tac(Ay)=0.743:0.01. (47b

Apart from requiringp 1= My, /My =4.4, the model also
needs about 70% threshold corrections for the SY(&u-

FIG. 3. Same as Fig. 2, but for the preonic gauge symmetnypling and nearly 20% for the SU(2)coupling of composite

SU(2).XU(1)yXSU(3)c X SU(6)y andM, /M, =3.8 and two
sets of four fields.

n

1R:§=3v 5L=6,
§L=—3><2+g=—3, b3c=—-3X3+6=-3,
bg=—3X6+6=—12. (45
As in the cases 06¢.=G,,3 and G,,,3, We find b =bj.

—3 in Egs.(45), signifying one-loop unification of preonic
gauge couplings of SU(2)and SU(3} over the mass range
u=Ay to M. The matching conditions for gauge cou-
plings atA,, are

1 3

1 2

arhm) T OB anAw) T B G (A (403
az(AM) - 52:ZV2L(AM) ' (46b)
s B () (469

fields that are introduced by these masses.

E. Gp=SU(2), X SU(2)g X SU(4)C, n X SU(6)

In this case the model possesses left-right discrete sym-
metry with g, () =0,r(x) for u=Ay to M. The one-
loop coefficients arebj =bjg=—3, b,c=—6, and bg
12. The coupling constants at,, are matched using

a; (Am)+ 8=y (Aw)=azr (Aw),

az (Ay)+ 83=a,¢(Ay),

-1 3. -1 2. -1

ay (Am)+ 61=g ar(Am)+ 5 ayc(Aw).
We have noted that it is impossible to achieve even a roughly
approximate unification of gauge couplings with the above
matching conditions unless the numbergf, A, & ando
fields is unusually large and their masses are widely different
from A, . Thus the flavor-color symmetric gauge group
Gi.= G,y is unrealistic.

VI. PROSPECTS OF SU4) METACOLOR

In this section, assuming the metacolor gauge symmetry

to be SU(4),, we explore possible forms of flavor-color
gauge symmetnG;. which could unify the relevant gauge
couplings atM, or near the Planck scale. We follow strate-

It is to be noted that one of the gauge couplings on the RH$jes similar to those explained in Sec. V.

of Eq. (46a, namely,a;r(Ay) of ag (Ay), appears to re-

main undetermined. But in unified theories, once any of the

coupling constants is known a#, the unification con-
straint gives other gauge couplings at that scale:

ay (My)="a;r(My)=ag (My)=azc(My).

ficients in the RGEs of Eq(25) are bjg=2, bg, =4,
=—4, b3.=—5, andb,=—6. The matching conditions at

A. Gp=SU(2), X U(1)gXx U(1)g_ X SU(B)cx SU(4)
With G¢;=G5q13 and Gy =SU(4)y , the one-loop coef-

"
2L

115006-11



M. K. PARIDA PHYSICAL REVIEW D 58 115006

TABLE VII. Values of gauge couplings at different mass scales T T T T 1 7 T T 1 T T 7
obtained using two sets of relevant Higgs superfields for the preonic - Gayz XSU (4) .
gauge symmetry Gp=SU(2) xU(1), XU(1)s_ XSU(3) 16 - M _
X SU(4)y with My =5.3x10° GeV, M, _=6.4x10'° GeV, M, _ 9, 4
=7.3x10" GeV, andp =M, /M =1.2. L4k _ i

- 3¢ 4
Mass scald w) 93¢
(GeV)  Ga(w)  Gac(w)  Gir(w) Foulw) Galn) 2 r 2 R 7
107 0.731 0.7530.013 0720 0732 0764 . ¢4 L 2 i
10 0.755 0.7920.013 0.710 0.710 0.806 = ' 0 B
10t 1.034 1.320.05 0.647 0598 1.80 o
08 921 ~ i n
I ;7/ il
w=Ay are given by Eqs(46a—(46¢). Although one of the 06 [ Sy T )
gauge couplingse,r(Ay) or ag (Ay), is not determined I ]
by the matching conditions, this does not pose a problemin 0.4 N
studying unification as explained in Sec. V D. For the sake of <~ COMPOSITES —<——— PREONS —————
simplicity we usea;r(My)=ag (M) at My=10'" GeV. 0.2 .
Unlike the case of SU(§), where approximate unification B .
was impossible under a small mass difference of 20% be- 2 & 1012 14 6 18
tweenM, and My, we find that with SU(4y, the gauge log, (p/1GeV)

group achieves a good approximate unification with gaps i i

between the gauge couplings closing in gradually as we ap- F!/G- 4. Same as Fig. 1, but for the preonic gauge symmetry
proachu=Mp,. The values of masses of the two sets of fourshu(z)fL. XIOLlj(l)RX U(l)BaLX 35(3)c;< SU(_A')'V' with two sets of
fields, needed for approximate unification, are three fieldsA, , Ag, ando andM, /My =1.2.

My =5.37<10°GeV, M, =6.44x 10" GeV, B. Gp=SU(2)L X U(1)yx SU3)c X SU4)m
In the notation of Eq(25), the one-loop coefficients are
Ty=14/5,b5 = —4, b3-.=—5, andb;= —6. The matching
M,=7.37x 10" GeV, M= 10" Gev, (48) conditions are given by Eq42). Restricting the difference
betweerM AL andMAR to at most 20%, we find that approxi-
mate unification of gauge couplingsat 10¥-10° GeV is
whereM, /M, =1.2.In Table VIl we present values of the impossible. In Table VIII we present values of the gauge
gauge couplings at three different mass scalesl0'?, 10'%,  couplingsu =10, 10'8, and 16! GeV. Rather larger dif-
and 13° GeV. The evolution of the gauge couplings of the ferences between the gauge couplings are found to be con-
effective gauge theories for preons, quarks, and leptons ateadicting the idea of unification. However, we note that the
presented in Fig. 4, which exhibits a clear tendency of theoupling constants can unify & ,=10'® GeV only if the
preonic gauge couplings to converge ngar Mp. The re- A, —Ag mass difference is allowed to be larger wijth*
maining small differences among the couplingsh are =M, /M, =2.9 corresponding to the following values of
expected to be filled up by gravitational corrections. Ongndividual masses:
remarkable feature of this model is that the difference be-

tween the SU(3) couplings of composite fields and preons My =1.7X 10 GeV, M, =5.1X 10" GeV,
is negligible, whereas that between the SY(2puplings is
only 14%. M =1.96<10" GeV, M,=7.37x10" GeV. (49)

TABLE VIIl. Gauge couplings at different mass scales but fBp=SU(2) XU(1)yXSU(3)c
XSU(4)y. Here M,=7.3x10"GeV throughout. For case (a), M, =13x10"GeV,
M, =16x10"GeV, M, /M, =12, and M;=4x10" GeV, but My =1.7x10"GeV, M, =51
X 10 GeV, My /M, =2.9, andM ;= 1.96< 10" GeV for case(b).

Mass scald )

(GeVv) 51(/’«) §2L(,U«) 530(#) 54(/’«)
(@ 10'8 0.872+0.005 0.798-0.008 0.808:0.06 0.859
10 0.707+0.004 1.14¢0.01 1.4-0.07 2.5
(b) 10'8 0.802+0.004 0.806:0.007 0.784:0.015 0.806
10t 0.686+0.002 1.17%0.01 1.2870.015 1.80
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1.8 . undesirable feature$;.=Gy14, G213, Or Goyy are unac-
- . ceptable in the presence of SU{4)
1.6 - -
1.4 - VIl. SUMMARY AND CONCLUSION
B 7 We have used the CERN-LEP measurement$/latto
1.2 T study unity of forces and preonic gauge symmetries of the
i 7 type Gp=G;:X Gy, in the scale-unifying preon modgl2],
- 1.0 T which serves to provide a unified origin of the diverse mass
- B T scales and an explanation of family replication. Threshold
S 08 - effects form an important and essential part of gauge-
- - coupling renormalization. Neglecting these effects has led to
06 L 4 Gp=G,14X SU(5)y as the only successful gauge symmetry
L | of the preonic effective Lagrangiafl5]. In this analysis,
04 - = Gy ] threshold effects are found to play a crucial role in determin-
' ing the unification of forces near the Planck scale and, con-
< COMPOSITES—<—— PREONS N sequently, the gauge symmety with new possibilities for
0.2 - 1 Gic and Gy, = SU(6)y or SU(4)y, .
B n With SU(6),, as the metacolor gauge group, the most
| |l 1 | 1 | | 1

attractive possibility of flavor-color symmetry is found to be
Gs.=G,q4 for which a good approximate unification of
log o (p /1GeV) gauge couplings occurs at=M p=10'° GeV with only a
. _ 10%-20% mass difference betweef, (3,1,1¢) and
FIG. 5. Same as Fig. 3, but for the preonic gauge symmetryAR(]_’&ch) and the model needs just the minimal set of
SU) XUy SUB)ex SU( andMa M, =2.9 fields, A+ Ar and A, +Ag, which are essential from con-
o i i _ siderations of left-right symmetry, preservation of SUSY
Such a unification of gauge couplings and their evolutionjown to the TeV scale, and spontaneous symmetry breaking
down to theZ mass are presented in Fig. 5. A very attractive G410 the standard model gauge groupAaj .
feature of this model is that it needs an almost negligible For the next attractive possibility with SU(§) corre-
gifference betweegsc(A)) andgsc(Ay) and also between sponding to the left-right symmetric gauge gro@y.
91v(Am) andgyy(Ay). The model is found to require a —g_. . “two sets of all four fields\, , Ag, & and o are
nearly 25% threshold correction on SU(2¥oupling of  needed and an approximate unification of gauge couplings is
comp_05|tes _Whlc_h is provided by the masses of two sets Oﬁossible for acceptable value of the mass rajpo
four fields given in Eqs(49). =M, /My, =16 and M,=5.7x10" GeV provided M,
=3.3x 10 GeV. Unification of gauge couplings is also ob-
C. Difficulties with other flavor-color symmetries served with the standard model gauge grdBp=Gy;3;
The flavor-color groups investigated in Secs. VI A—VI B similar threshold effects with two sets of four fields provided

. the mass ratio, /M, =3.8, and the individual masses of
are the most successful ones in the presence of S(Fhe ) R L 1 N
difficulties faced with other symmetries are summarized aghese fields are between k30" and 5.7 10" GeV.
mentioned here. FOGp=G,1,X SU(4)y, b =—4, bq With SU(4),, as the metacolt_)r gauge symmetry, two of
—2, bj.=—8, andb=—6. Although the masses of two the flavor-color gauge symmetrieS,,; and G,13, appear

sets of all four fields needed for unification nddr, are to be quite successful in achieving good approximate unifi-

] !
2 6 10 12 14 16 18 20

- _ : cation of the relevant gauge couplings Mit,=10'® and
reasonable, wittM, /My, =1.2, we find 10" GeV, respectively. FOG.=Gyy ;3. the model needs
Tac( ) <Ta(w), p=10"-10"GeV the A, —Ag mass difference within 20% and two sets of

three fields with reasonable values of masses ngar With
the standard model gauge grouB;.=G,3 and Gy
showing thafg,(x) is no longer the highest coupling near =SU(4)y, the A, —Ar mass ratio needed is found to be
u=A), responsible for binding the preons. This is againstsuch thatM AR/MAL=3 and the other masses aké;=2
the basic assumption of the model. FoiGp  x10M" GeV andM,=7.4x 10" GeV. In this case two sets
=G2213XSU(4)y , by =4, by =bZr=—4, b3c=—5, and  of all four fields are needed.

b= —6. With two sets of four fields, the masses/Af and All heavy and superheavy masses used in this paper for
AR needed for approximate unification are nearly two ordersghreshold effects refer to bare masses. They are devoid of
lighter and those of and o are one order heavier thaty,.  wave-function renormalization effects, which have been

For Gp=G,,,XSU(4)y, either the number of some of the shown to be cancelled out by two-loop effef29]. We as-
four types of fields is unusually large or some of the massesure that the bare masses are enough to produce threshold
are five to six orders different from ,,. Because of such effects needed for new gauge symmetries. The cancellation

115006-13



M. K. PARIDA PHYSICAL REVIEW D 58 115006

observed in Refl20] does not affect the results and conclu- lizing primarily symmetries of the underlying theory and
sions of this analysis. general results such as the Witten index theorem, rather than
One of the most challenging problems is to derive thedetailed dynamics. A crucial test of the model hinges on the
preonic model with one of the choices for the metacolor andietection of vectorial quarks and leptons with masses near
flavor-color gauge symmetry, mentioned above, from al-2 TeV. At present, there is no compelling evidence that
string theory. Also one of the major issues is to address somguarks and leptons are composite as proposed in the model,
of the dynamical assumptions of the model as regards thalthough some possible signature has been investigaéid
preferred directions of symmetry breaking and the saturation
of the composite spectrum, mgntiqned in the Introduction ACKNOWLEDGMENTS
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