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A grand unified model based on SU(15) is described. Baryon-number-violating processes such as pro-
ton decay are absent in both the gauge and Higgs sectors. A number of new gauge bosons are predicted
at Superconducting Super Collider energy, including doubly charged gauge bosons coupling only to lep-
tons.
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Grand unified theories (GUT's) have had a major im-

pact on both cosmology and astrophysics; for cosmology
they led to the inflationary scenario, while for astrophy-
sics supernova neutrinos were first observed in proton-
decay detectors. It remains for GUT's to impact directly
on particle physics itself.

All of the known experimental data on elementary-
particle interactions are impressively described by the
standard model which includes the SU(3), xSU(2)L
xU(1)y gauge group for strong and electroweak in-

teractions. The simplest GUT based on SU(5) with a
minimal field content is excluded by the present lower
limit on the partial lifetime for the proton decay p

e+tr . With more complicated GUT's based on, e.g. ,
O(10) and E(6), predictions are less definite, but proton
decay mediated by gauge bosons of the simple unifying

group always occurs at lowest order. In general, the
gauge group at accelerator energies in such theories may
still be taken to be SU(3), x SU(2)L x U(1)y, so that un-

less and until the rare process of proton decay or some
other signal for the large scale, such as nonzero neutrino
mass or superheavy monopoles, is observed experimental-

ly, it is diiIicult to confirm or refute such models.
In this Letter, we examine a new type of GUT where

proton decay mediated by gauge bosons is simply absent,
and where consequently one may have both a much
lower GUT energy scale and likely new gauge forces at
energies accessible to accelerator experiments. The one
drawback compared to SU(5) will be that anomaly can-
cellation is incomplete without mirror fermions, although
the latter could be, in principle, replaced by other com-
pensating fermions at higher mass scales in a more com-
plete theory based on, e.g. , superstrings. If the chiral
anomalies are canceled by mirror fermions, it is assumed
that such mirror fermions have masses of order O(Mty).
If they appear as mass-degenerate sets, they do not affect
the renormalization-group determinations of the unifi-

cation scales discussed below, and more generally need
not affect the low-energy physics. Such mirror fermions
are not attractive (an alternative anomaly free represen-
tation would be preferable), but are not excluded.

The model we propose is based on the gauge group

SU(15). This will be an exact symmetry at energies well

above 10 GeV and will be broken at some mass scale
MG of order 10 GeV to the subgroup SU(12)~
xSU(3)t. The 15 of SU(15) decomposes to (12,1)
+(1,3) under the subgroup. At a mass scale Mtt only
slightly below M& (detailed estimates of all the relevant
mass scales will be made below) the group SU(12)q is
broken to SU(6)LxSU(6)ttxU(1)h with 12 (6, 1)+h
+(1,6) t, . At a much lower mass scale M~, of order 1

TeV, we break to the gauge group of the standard model.
In summary, the gauge-symmetry-breaking pattern is

SU(15) SU(12)v xSU(3)t (la)

SU(6)L x SU(6)tr x U(1)„'xSU(3)t (lb)

SU(3) xSU(2)L xU(1)y

SU(3), x U(I )g .

(1c)

(ld)

Tr(A'A ) =2b'

A diag(000000, —1 —1 —1 111,000),1

3

(3)

(4a)

h 2 diag

—
—,',000), (4b)

P diag(000000, 000000, 2 —1 —1).1 (4c)

The fermion families are not unified in SU(15) but in-

In the breaking (lc), color SU(3), is embedded in

SU(6)LxSU(6)tr as (3+3,1)+(1,3+3), SU(2)L is

embedded in SU(6)LxSU(3)t with 6L=3(2)L and 3t
2L+ ll, finally U(1)y is contained in SU(6)tr

x U(1)t', x SU(3)t according to

Y J3A+ J3 h+ J3 i', (2)

with A, h, and P generators of SU(6)R, U(1)t'„and
SU(3)t, respectively, normalized as 15x15 SU(15) ma-
trices with
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stead each corresponds to one 15; for example, in the
first family

15I =(ulu2u3dld2d3, ulu2u3dld2d3, e v, e )L (5)

neglecting scalars,

83, = — (11 ——, nf),1

2Ã
(IOa)

I23c (MA ) 2 &6L (MA ) + 2 &6R (MA )

~2L (MA ) 4 ILL (MA ) + 4 &3I (MA )

al y (MA ) = 2'p a6R'(MA)+ lp a16'(MA)

+ lip a( (MA)

(6a)

(6b)

(6c)

In the present case, we shall assume a6L(p) =I26R(p) for
M~ ~ p ~My.

At Mq, we have

I26L(MB) I26R(MB) &1'h (MB) =I212q(MB),

and finally, at M~,

&12q (MG ) 1231(MG ) &15(MG ) ~

The RG equations, at one-loop order, have the form

p da, (p)/dp =B,a2(p),

(7)

(8)

(9)

and for the difterent subgroups, assuming nf families and

TABLE I. Some examples of results for Ma and M~ for
diAerent values of the input M~.

M, (Gev)

250
500

10
2x 10

Mq (GeV)

4.0x 10'
5.8 x 10
8.3 x 10
1.2x 10'

M, (OeV)

6.0 x10'
8.9 x 10
1.3 x10'
1.9 x 10'

and similarly for the second, third, and any higher fami-
lies. By analogy with the old idea' of embedding SU(5)
in a larger SU(N), one could unify families in SU(15)
by going to an N larger than 15.

The symmetry-breaking pattern indicated in Eqs.
(la)-(ld) can be realized by two 224's and a 15 of
Higgs fields, for symmetry breaking at scales M~ and
Mg, and by a further nine 15's at M&. To give masses to
fermions and to break symmetry at M~ we need a 120
of Higgs fields giving a symmetric mass matrix, and have
the option of adding a 105 of Higgs fields to give an an-
tisymmetric contribution; this is analogous to the free-
dom of adding the 45 of Higgs fields in SU(5); we hope
to analyze the fermion mass matrix for SU(15) in detail
elsewhere.

In order to analyze the values of the mass scales M~,
MB, and MA we use a renormalization-group (RG)
analysis with the normalization conventions for coupling
constants that all generators are normalized for SU(15)
as in Eq. (3). We take as input the phenomenological
values of a3, (Mly), a2L(Mly), and aly(M~). At MA
the appropriate matching conditions are

B2L = — ( —,
' —', n-f),

1 22 4

R'

1Biy= (3 nf),
27'

B6L =B6R = — (22 —
—, nf),

4
2z

4
B16 = ( -,

'
nf ),

2X

4
B3I (11 —

—,
' nf)

2z

B12 — (44 ——, nf) .
4

2n

(lob)

(IOc)

(lod)

(IOe)

(lof)

(log)

There is only one free mass scale in our model and we
take this to be M&. Given M~, we may compute Mq, by
substituting Eqs. (9) and (10) into Eq. (7); then we may
compute MG by Eq. (8). Typical results are given in

Table I. The values of the standard-model coupling con-
stants used in the estimate of Table I are at M~

81 GeV, a3„'(Mly) 9.35, a2L'(Mu ) =29.1, and
alp'(Mu ) =59.2; the errors on these phenomenological
values are approximately 10%, 2%, and 1%, respectively.
Because these values have been used as input, our theory
incorporates the correct value of sin 8~ =0.228; also the
matching conditions, Eq. (6) at MA, Eq. (7) at MB, and
Eq. (8) at MG, are fulfilled precisely. In SU(5), by con-
trast, there is the problem that the extrapolations of a3„
a2L, and any do not fulfill the matching condition at Mq
when one inputs the most recent data from low-energy
experiment.

Now we turn to some phenomenological implications
of our SU(15) grand unification. As already mentioned,
proton decay is absent in the gauge sector which con-
serves B exactly. To prove this, note that representing a
15 by a single line with an arrow and a gauge boson by
two lines with opposing arrows, every diagram has the
property that any such line entering the diagram also
leaves the diagram. The same argument extends im-
mediately to the 224's and 15's of the Higgs sector.
More interesting is that even with 120's and 105's of
Higgs fields, as introduced above to give fermion masses,
8 conservation still holds because the fermions are in the
fundamental representation. To check this, note that
each component in these Higgs representations has a
well-defined B assignment. Thus, the Yukawa couplings
which provide quark and lepton masses do not contribute
to proton decay.

As far as low-energy phenomenology is concerned, we
first consider naturalness of the Glashow-Iliopoulos-
Maiani (GIM) mechanism for suppression of the flavor-
changing neutral currents (FCNC). In the present mod-
el there is a fully natural GIM suppression of FCNC be-
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cause the quarks have been distributed between SU(6)L and SU(6)g precisely such that all qq are in SU(6)L and all qg
(=qL) are in SU(6)R. This situation is quite similar to the generalization of natural GIM suppression operative in

chiral color.
At low energy (M~) our model has a proliferation of gauge bosons at Superconducting Super Collider energy corre-

sponding to the generators of SU(6)l XSU(6)~XU(1)1', &SU(3)l. With respect to the standard model, these have
quantum numbers as follows:

35L = (8 3)p + (8 1)p + (1,3)p

L,q

(lla)

35R = 2(8, 1)p + (8, 1) -t ] +

gR, gR SR

(1,1 )p

&R,q

+ (1,1)

CR,q

(1 lb)

= (1,1 ), (llc)

8( = (1,3)p + (1,1) +
w-' b(

(1,2) ~ yp

x++ x+ x x
(1 1 d)

Let us dePne gg to be orthogonal to the gluon g'
(a 1-8); then g' is the diagonal sum of gL and gg.
The usual W — are mixtures of WL

—
q and 8'~ —. The

neutral y, Z are the usual mixtures of W [for SU(2)L]
and 8 [for U(1)y] and these in turn are combinations of
Wl. q and Wi (for W ) and bg q, bq, and bI (for 8).

Beyond these established gauge bosons, our model pre-
dicts a variety of new forces at the scale Mz which could
be as low as 250-2000 GeV. There are seven new color
octets: one is the combination (g5) of gL and gg orthogo-
nal to g' and is an octet of axigluons; the other six color
octets are gL

—', gz', and Sp —.The mixture of WL q

and W/ orthogonal to IV' will be a new SU(2)L triplet
8'". The charged color singlets Cz—q couple only to
quarks; the charged and doubly charged XI++, X~+, X~

and XI couple only to leptons. One mixture of bz q

and bq, orthogonal to 8, forms Bq coupling only to
quarks; the final new gauge boson is a neutral singlet B,
a combination of bg q, bq, and bI.

At low energy this theory thus appears as a doubled
chiral color theory where the quantum numbers of the
gauge bosons of SU(3)LxSU(3)gxSU(2)LXU(1)y are
"doubled"; there are in addition four charged gluon oc-
tets (g' —,g5

—), three singlets Cq—,Bq coupling only to
quarks, and two SU(2)L doublets of gauge bosons
(XI++,XI+ ),(XI,XI ) coupling only to leptons.

Some of the phenomenology overlaps with that of
chiral color and hence we know that the new "gluons" all
have masses above 50 GeV. The most interesting new

low-energy phenomena peculiar to the present theory
may be the leptonic processes mediated by the Xi parti-
cles. In Mgller scattering e e e e at the pro-

posed SLAC TeV Linear Collider, for example, this dou-

bly charged gauge boson will appear as an exotic reso-
nance.

The present work has important differences compared
to Ref. 6 which was one inspiration of the present work.
In Ref. 6, integrally charged quarks are initially em-
phasized but fractionally charged quarks are also dis-
cussed; it is for the latter case that the SU(15) and
SU(12)q &SU(3)I assignments of quarks and leptons
coincide with ours. Our physics is quite different be-
cause of the low-energy symmetry-breaking scale M&,
and the much lower unification scales Ma, Mp. Also,
Ref. 6 does not note the exact baryon-number conserva-
tion of the gauge sector.
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