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The possibility of introducing SU(N) antisymmetric Higgs fields is raised, and a pat-
tern of spontaneous symmetry breaking by an antisymmetric Higgs field is presented in
terms of quartic coupling constants. A detailed application is given for breaking an SU(7)
gauge symmetry to a realistic SU(3), X SU(2) X U(1) by two antisymmetric fields H? and
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Recently, Georgi' has discussed a large gauge
theory based on SU(NV) groups. The principal
motivation for extending the SU(5) gauge theory®
to a still bigger theory is to look for a solution of
the so-called “flavor question.” In addition to this
flavor question, the “gauge hierarchy problem” has
been a theoretical obstacle to the grand unified
theories for many years. To understand the prob-
lem of gauge hierarchy Susskind® considered the
hypercolor gauge group in addition to the chro-
moelectroweak gauge group SU(3), X SU(2) x U(1).
Weinberg,4 on the other hand, advocated a scheme
toward a gauge hierarchy by assuming a massless
Higgs doublet at the grand unification mass scale.
So far no explicit example of the Weinberg
mechanism is known. The ideas of hypercolor
gauge group or the massless Higss field of Wein-
berg may be achievable in a larger gauge group
which contains an SU(5) gauge theory. Therefore,
the study of SU(N) gauge theory has been a focus
of recent attention.">® With a larger symmetry, we
hope that a realistic example of the Weinberg
mechanism can be found.

In this spirit, we study the first step (grand uni-
fication mass scale) of spontaneous symmetry
breaking by a completely antisymmetric-tensor
complex Higgs field of order 2<n <N/2in a
grand unification gauge group SU(N) (this repre-
sentation has dimension 5C,),
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The completely antisymmetric Higgs fields being
only SU(2) doublets or singlets will lead automati-
cally to a relation Mz2=My*sec’dy,. In case
some Higgs fields survive the breaking to the
chromoelectroweak gauge group, these antisym-
metric Higgs fields are natural choices for the

above weak isospin relation. Previously, only
adjoint-representation breaking has been suggest-
ed.>’

For simplicity, let us introduce one Higgs field.
Although I assume that this field is elementary,
the following theorem will be applicable when the
effective potential for composite Higgs fields takes
the same form as in our case. In this paper I re-
strict my attention to potentials symmetric under
reflection: H— —H.

A completely antisymmetric tensor of order n of
U(N) can be formed by n arbitrary vectors and the
generalized Kronecker &’s®

BB, B, BBy B, a a a,
A4 =8aay - a X X2 " X - (2)
If the sets of numbers {a;,a,,...,a,} and
{B1,B2,. . ..Bn} are equal and B,,B,,..,8, are all
different, 65}‘ S f: =1 or —1. We can choose
gauge axes such that the n independent vectors are
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FIG. 1. A standard form of H"'®2" " “" The shaded
box is n X n dimensional.
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X(1)=(10...0,0...0),...,X(,=(00...1,0...0) up to
normalization. Therefore, 4 By B +1 for
B; =i (and appropriate cyclic permutation of this),
and all the other elements are zeros. Since the sum
of tensors of the same order, type, and weight can
be added to give another tensor of the same order,
type, and weight, and we can choose gauge axes
such that N independent vectors are X (7"5'):8'_,7“
(i=1,2,...,N), an arbitrary antisymmetric tensor
of order n can be reducible to a direct sum of (2),
as shown in Fig. 1.

In Fig. 1, the n-dimensional shaded boxes (when
n =2, these are 2 X 2 matrices) are irreducible and
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with the coefficients

[N,n] Ci [n/2]

¢ m, (3¢c)

Ci .
i=1

The ¢; are chosen such that the vacuum expecta-
tion value of V takes a simple form,

(V)=—p 240,24 -+ +v?)
FAW 0%+ - 4
+C 4o+ - - +uh) . @)

The extremum conditions of (V) are

2
vi[ A2 +o2+ - - +v12>+Cvi2]=‘u?v,- :

(5)

For u? >0, not all v; can be zero. I choose v; as a
nonvanishing entry,

2
Co 4+ Al 240,24 - - +U[N/n]2)=‘u7 .

(6)

If another entry, say vy is nonvanishing, I have

2

Uy :Uk2

(7

for the case C540, by considering (6) and (5) for
i=k.

Therefore, I obtain [N /n] different possibilities
for the symmetry-breaking pattern:

HBI"‘.Bial'ﬁ»]...anHal.l’ i

all the other elements are zeros. The small open
box, whose dimension is smaller than the shaded
boxes, is absent when [N /n]n =N,’ otherwise
zeros. Hence vacuum expectation values can be
made block diagonal in the sense of Fig. 1 with
[N /n] different vacuum expectation values:

H12. . '"=U1, Hr+L- .2n=v2" - Hnl—-n +1.. '"IZUI
and their cyclic permutations with zeros for all the
other elements. The most general Higgs potential

1S
2
v=—£yy
n!

A [n/2]
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(n!)? )

i=1

where

(3a)
ALY - PR (3b)
I
case (1) 0,220, v%= """ vy/m’=0,
case (k) v2=vy%= """ = #0, @
vk+12= T =U[N/n]2:0 ’

for 1 <k <[N/n]. Certainly, the minimum of the
[N /n] cases lead to the absolute minimum of the
classical potential ¥, when the bounded energy
condition is satisfied. For case (k), we have

vy -1
ut T MA+C/k)

FKA,C)= )

If case (k) is the minimum of (¥V), (V') for case
(k) should be less than those of other cases. There-
fore, it is appropriate to calculate a testing func-

tion T,
Tk’mEFk+m—Fk
_ m C
T 4k(k4+m) (A+C/K)[A+C/(k +m)]

(10)

with 1<(k and k +m ) <[N /n], where m can be
negative or positive.

On the other hand, the condition for the bound-
ed energy

A+ f; >0
should be satisfied for all 1 <k’<[N/n]. There-
fore, A+ C /[N /n]> 0 satisfies (11) for C >0, and
A+C >0 satisfies (11) for C <0. For the symme-
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try breaking to realize the value k for u?>0, and
nonzero A and C, we need

C

A+?

C

_C 1|/<0, (12)
k+m

(o N

A+

for all the integers
>0,
" l <0,

respectively, satisfying 1 <k +m <[N/n]. From
(11) and (12), we obtain for n <[N /2]

k=[N/n] forC>0,
k=1 for C<0.

(13)

Therefore, the SU(N) gauge symmetry-breaking
pattern is
|

#12

2 }\‘ 2
V=—"—H,zH®— %—HWH B 4 —4’- [HaBH * } +

2
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(A) Sp(2k) where k=[N /2], when n =2, C >0,
and A+C/k >0,

(B) [SU(n)]* with k=[N /n] and
N —n[N/n]=0or 1, when 3<n <[N /2], C>0,
and A+C/k >0,

(C) SU(n) XSU(N —n) when 2<n <[N /2],
C<0,and A+C>0.

The cases (A) and (C) for n =2 were considered
by Li.!® For the overlapping case of (C), our pat-
tern is slightly different from his. The unbroken
Sp(2k) or SU(n) groups are obtained by calculating
the gauge-boson masses.

In the following, we discuss an SU(7) gauge
theory as an application of the above result. We
consider two antisymmetric Higgs fields H®? and
H®PY. The potential consistent with the individual
reflection symmetries is

A

apy | hy ap v8
T [HaB,H ]+~{H H,gH"PH,,

h A A As
+ I—;H#VPHWH BOH gt %HaﬂHaBHWHWPjL T‘H“BH‘, WH" Hppo+ = HPHog,H oo HP .

To apply the above result, let us assume
l)\‘3”l}‘4|7,)\'5| <<'}"]l’|}"2,7lhll,'h2| . (15)

Now we can use the symmetry-breaking pattern
separately for two different Higgs fields. For the
H case A=A, and C =h,, and for the H*? case
A=A\, and C=h,. We obtain

SU(7)—>SU(5)XSU(2) for hy <O and A,;> |, | ,
(16)
SU(7)—Sp(6) for hy>0and Ay>—h, /3, (17)

SU(7)—SU(4)XSU(3) for h, <0 and A,> |k, | ,
(18)

SU(7)—SU(3)xSU(3) for hy>0and Ay> —h,/2 .

(19)

The locking of H and H®# is determined by
mixed terms A3, A4, and As. I consider only case

(16). In this case I choose nonvanishing elements
of (H®) as

(14)

(HY)=—(H"®) =v, (20)

and all the other elements are zeros. For Eq. (18),
there are three possibilities for nonvanishing
(H®)=v;: (a) (H), (b) (H*"), and (c)
(H**) without loss of generality. The three cases
lead to the classical vacuum energies due to mixed
terms, A( V) /U22U32=2()\.3+)\.4+}\.5), 2()\3+)\4/2),
and 2A;, for cases (a), (b), and (c), respectively (Fig.
2). A physically realistic situation results when
case (b) is the minimum of the three cases: SU(7)
breaks to SU(3) xSU(2) X U(1). This happens
when

;L4<0, }\,4—}-2)\.5>0 . (21)

A similar consideration for Eq. (19) leads to un-
physical situations.

For Egs. (16), (18), and (21), the unbroken gauge
symmetry axes are 1,2,3 for SU(3), and 4,5 for
SU(2). Defining the charge of the charged weak
gauge boson Ws* as + 1, the charges of the funda-
mental representation are uniquely determined for

es=0 since the sum of the charges adds to zero:
1 1

(_T9_T’—%’170,1’—'1)' (22)
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FIG. 2. An example of H# in SU(7). The lines are
A=—h; and —h,/3. The SU(7) gauge symmetry
breaks down to (I) SU(5)x SU(2) and (II) Sp(6). The re-
gion (III) is unphysical.

The choice of charge assignment is determined by
the choice of the quartic coupling constants.

Note added. An erroneous statement regarding a
massless Higgs doublet has been removed from the
original version of this paper, Report No. UPR-
144T, 1980 (unpublished). The symmetry-breaking
pattern (22) has been used by J. E. Kim [Phys.
Rev. Lett. 45, 1916 (1980) and Phys. Rev. D 23,
2706 (1981)], and by S. Dimopoulos and F.
Wilczek, ITP report, 1981 (unpublished).

ACKNOWLEDGMENTS

The author has benefited from discussions with
S. Barr, M. A. B. Bég, L. N. Chang, W. Fischler,
J. McNeil, C. Nohl, G. Segre, A. Weldon, and A.
Zee. A critical comment by Professor L. Susskind
and suggestions by Professor G. Segré and A. Wel-
don are greatly acknowledged. This research was
supported in part by the U.S. Department of Ener-
gy under Contract No. EY-76-C-02-3071T.

*Present address.

IH. Georgi, Nucl. Phys. B156, 126 (1979).

2H. Georgi and S. L. Glashow, Phys. Rev. Lett. 32, 438
(1974); H. Georgi, H. Quinn, and S. Weinberg, ibid.
33, 451 (1974).

3S. Weinberg, Phys. Rev. D 13, 974 (1976); L. Susskind,
ibid. 20, 2619 (1979).

4S. Weinberg, Phys. Lett. 82B, 387 (1979).

5P. H. Frampton, Phys. Lett. 88B, 299 (1979); S. M.
Barr, Phys. Rev. D 21, 1424 (1980); E. Farhi and L.
Susskind, ibid. 20, 3404 (1979).

6The no-go theorem given by P. H. Frampton [Phys.
Rev. Lett. 43, 1912 (1979)] is not applicable if one re-

laxes the condition of asymptotic freecom. Without
asymptotic freedom, an interesting application to
cosmology such as a maximum temperature of the
Universe might appear. See K. Huang and S. Wein-
berg, Phys. Rev. Lett. 25, 895 (1970); J. E. Kim,
Phys. Rev. D 21, 1687 (1980).

M. Magg and Q. Shafi, Z. Phys. C 4, 63 (1980).

8See, for example, J. J. Synge and A. Schild, Tensor
Calculus (University of Toronto Press, Toronto, 1949).
Definition of & is given on p. 242.

9 [x] means the largest integer not greater than x. In
this paper [ =[N /n].

0L, F. Li, Phys. Rev. D 9, 1723 (1974).



