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ABSTRACT
We analize a class of susy composite models based on
SUH(N), by using the asymptotic freedom constraint as well
as the ancmaly consistency condition. A semirealistic model
with three families 1is found. We conjecture that a
combination of the ordinary UA(l) and the U{(l) associated to

the R symmetry could be used to label the generations.
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SECTION I

The possibility that supersymmetry (SUSY) is the way
out to some of the problems encountered in ordinary
composite models has been emphasized by several authors [1].
Bardeen and Visnjic [2] suggested that quarks and leptons
could be Goldstone fermions associated to the spontaneous
breaking of susy., Massless fermions can also be identified
as the superpartners of Goldstone bosons arising from the
breaking of a global symmetry as discussed by Buchmuller
et al. [3]. Finally in the conventional approach [4] and
its generalization to susy [5], the preon theory has a
chiral symmetry that protects the fermions £from getting
mass.

In this letter we <consider, within the conventional
approach, a class of susy composite models hased on the
confining hypercolor theory SUH(N). The motivations for this
work c¢an be summarized in the following three points i) In
susy theories the number of elementary particles (preons) is
larger than in conventional ones and as will see the
asymptotic freedom property of the hypercolor theory implies
a stronger constraint both on the possible chiral flavor
symmetry as well as on the hypercolor group. 1ii) It is very
likely that susv prevents the complete dynamical breakdown
of chiral symmetry expected in ordinary gauge theories [6].
This in turn 1leads us to consider the anomaly matching

condition at different levels opening new npossibilities of
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obtaining realistic solutions. 1iii) susv 1mniels possess the
R symmetry. We conjecture that this symmetry may play an

important role in the labeling of the families.

SECTION 1II

We «consider preons that are components of chiral

superfields [7]. @fa (Qia) containing a complex scalar ¢Ea

(45.) and a left handed ¢*_ (right handed $2 Weyl) spinor.
a -a +0

These preons interact with each other Gthrough gauge bosons
Wﬁ belonging to the real vector superfield V, which hesides
wi contains majorana fermions A2 called gauginos. The
indices a label the hypercolor symmetry group whereas

®=1,2,...n the global chiral symmetry UL(n)xUR(n). It is

clear that n must be large enough such that

UL(n) X UR(n)DSUC(B) X SUL(Z) ®x U(l). (1)

Let us consider now the following two cases;

1) Preons belonging to a representation « af SUH(N)

0
such that roerZ)l. Given that we are dealing with a real
representation it is enough to consider n left handed chiral
superfields If N (related to the hypercolor symmetry group)
is odd the adjoint is the representation of lower dimension.

Then it is easv to show that the one loop coefficient of the

3 function is given by

3 =N+ (3-n) , (2)
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50 asymptotic freedom requires n<2. TIf N is even the
representation of lower dimension 1is represented by the

¥oung tableau E } N/2. In this case

B = N -« 3 - n, ELﬁ:gLL . {3)
Ho ( 8 (ns21)?

Possible wvalues of N and n satisfying BH >0 and Eg. (1) are
0
N=2 n<ll and N=4 n<ll. However both solutions lead to

nonrealistic models in the sense that it is not possible to
find a pattern of spontanecus breakdown of the global
symmetry such that massless states have the appropriate
guantum numbers.Fl Therefore there are no realistic model of
the quarks and leptons if we consider preons in single real
representation and demand asymptotic freedom of the
hypercolor theory.

2} Preons belonging to a representation r of SUyx(N)

0
such that roxroxroj)l but rOXr0:>l. If we consider n left

handed and n right handed superfields then
BHO = (3N-2n T(rO)) ’ (4}
ab_ a b .
where T(rO)G =Tr (A (ro)k (ro)), k(ro) being the generator

of the group SUy(N) in the representation r In this case

OO
only N=3 and n<8 leads to a model satisfying both BH >0 and

0
Eg. (1), s0o we will concentrate on this model in the

following.
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SECTION TIII

In order to identify the massless composite fermions we
will apply the t' Hooft anomaly consistency condition as
well as the idea of persistent mass condition [8]. So we
will require preons that are constituents of massless
composite fermions to the protected by some chiral symmetry
from acquiring masses, even if the overall chiral flavor
group GF is broken to some subgroup G%.Fz We will assume
that this breaking occurs at the scale AH {energy at which
the hypercolor-theory confines) and therefore will apply the
anomaly condition to the unbroken chiral symmetry group G.L.

Let us consider the model based on the hypercolor group
SUH(B) and with global chiral symmetry UL(n)XUR(n)QU(l)R
where n<8. The last U (1) factor 1is associated to the 1
symmetry acting as follows on the physical fields

>0, b, e, a - eI (5)
In order to have enough massless preons (protected by some
chirality) to build quarks and leptons and satisfy Eg. (1)
we must choose n=8. So after taking into account the effect
of hypercolor instantons the global flavor symmetry of the
model is G =SUL(8)xSU

F R

corresponds to the anomaly free current

(8)va(1)xU(l)a' where U(l)a.

£. f.
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1) U(l)R

£ I
J. 10 JU + 16 u (6)

Now we will assume that hypercolor is able to produce

the scalar condensatesF3

aa' _BB! ai * ali, * = ;=
€ o <¢ ¢+Bi¢— ¢+B'i > =v 1=1,2,3,4
not sum over i
<G, b b > = w (N
T he first condensate produces the breaking

SUL(S)XSUR(S)xUV(1)+G'=SU(4)xSUL(2)xSUR(Z)xU (1) i.e. the

¥ \Y
symmetry group of the Pati-Salam model [10]. The second

condensate breaks the chiral group U(l)a £ down to a

discrete subgroup Preons representation under

ZlO'
SUH(3)xG%.xU(l)a g are listed in Table 1. The reason we

included U (1) is that 7 and U(l)a

10 have the same

a.f. .f.

gquantum numbers.

Composite fermions come from three different kinds of

. . * Kk X * k ok *
configurations [s]. b, U b and ¢ . They form
representation of the flavor group Géleo and we specify and
index for each of them. The values of these indices are
restrained to satisfy the anomaly consistency condition that
in this case comes only from the three point function

[SU(2) ]%x0U

V(l). We will assume that the indices associated
with exotic particles are equal to zero, that is we assume

that the exotic particles have masses of order AH. In that
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case the anomaly consistency condition is

2 correspond to the same

where the indices 21,22,23, 4
representation (4,2,L,1) under the group
SU(4)xSUL(2)xSUR(2)xUV(l) but with U(l)a.f. (Zlo) quantum

numbers -18, 6, 14, -26 respectively. Obviously Eg. (8)
admits a solution corresponding to the existence of three
massless generations distinguished by different U(l)a.f'
quantum numbers.

Other interesting possihilities is to assume, instead

of Eq. (7a), the existence of the condensate

i
]
-~
[y
-
w

1 t P | v i
R S T YT {v' - (9)

this produces the breaking SUL(S)XSUR(B)xUV(l)+

SUC(B)xSUL(2)xSURxUV{l)xU'(l).F4 Preon representations under

\Y
SUH(3)XG§U(l)a £ are given in Table 2. 1In this case we

have two anomaly consistency equations: the [SU(2)12XUV(1)

and [SU(2) ]sz“,(l) i

xl + 8X8 + xi + 3X3 - 3X3 - 6x6 = 4

(10)

I
]

X, + 8X, - 3X! - 5X, + X, + 2X

3 3 6

where
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Ky = Aqy kg * Ryt 2y
i =1,3,6 and 8 are the dimension of color representations.
The meaning of & and &' is more easily understood in
Table 3. Notice that we have kept in Egq. (10} the indices
corresponding to the representation 6 and 8 of color. If we
are interested only in solutions where the absolute value of
each index 1is less or egual to one and for which there is
one to one <correspondence between quarks and leptons

generations then we obtain

)X = X3=1 X] = X3 = Xg = X3 =0
= M- = ' = = =
B) Xl X3 X6 1 Xl X3 XB 0
(11)
C) Xl = X6 = 1 Xé = =3 Xi = X3 = XB =0
1 = — = — - = - =
D} Xl = x3 X6 1l xl x% XB 0

The solution A corresponds to three generations of quarks
and leptons without exotics. Solutions B, C, and D
correspond to three generations of quarks and leptons plus
one generation of color six quarks. As pointed out in
Reference [11], solutions B, C and D are more interesting
because the exotic c¢olor 6 could form the condensate
QGRqGL(¢6) which dynamically breaks the weak gauge group
SUL(Z)xSUR(z)XU(l) and produces Dirac masses for the quarks

and leptons through the effective coupling
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8

_(_'1 —
-5~ a4 dgdgd

Tag
2
AH

The violation of parity could be achieved by the condensates

{12]

- -y _
oY %% Y g1, = O
(12)

p - U
“dgRrY;9%6r%RY J6r” * O

The exotic 8 could be more interesting hecause it could be
used in exactly the same way as the 6 and furthermore it
could give a majorana mass to the neutrino. Unfortunately
this solution does not exist and even if it existed it will
violate the asymptotic freedom property of QCD.

We have a solution with three generations of quarks and

leptons carrying different 2 0 (U{l)a.f.) guantum numbers

1
and one generation of color 6 whose ZlO charge can take any
of the values -18, 6, 14 and -26. The labeling of families
by using a discrete symmetry may be considered a natural
susy generalization of the idea suggested by Harari and
Seiberg [13])., We will leave for a future publication the
study of the mass matrix based on the 210 symmetry along the
lines suggested in Ref. [14] as well as to use the

complementary principle to investigate possible patterns of

the chiral symmetry breaking [15].
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SECTION IV

In conclusion we <can obtain a semirealistic susy
composite model with hypercolor group SUH(B) and flavor
nunber n=8 which satisfies hypercolor asymptotic freedom,
the persistent mass condition and the anomaly matching
equations based on the broken <chiral flavor group. We
obtain three generations of guarks and leptons distinguished
by the quantum number associated to the Zlo symmetry which
survives the spontaneous breaking of a combination of the
ordinary Up(1) and the U (1) related to the R symmetry. The
breaking of the weak gauge group, parity and the production
of Dirac quark and lepton masses can be attributed to the
condensates of color 6-plets quarks.

Same of the problems that we have not considered are:
The breaking of susy, the mechanism to produce qe Masses and
the existence of Goldstone bosons and their superpartners
produced with the breaking of the gleobal flavor group GF'
Let us remark however, that the Goldstone bosons can be
heavy due to color and electroweak forces if the scale AH is
high enough [16]. Given that quark masses are of the order

3

A

cs/Ag we can expect AH“IO TevV if Ac,."1 Tev.

6
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FOOTNOTES
Fl
For exampl e: SUL(9)+SUL(6)xSUL(3) and
SUL(6)+SUL(3)XSUL(2). So we could have

SUL(9)+SU(3)XSUL(2). In this case however we get both
singlets and doublet of right handed triplets but not
doublets of left handed color triplets. It seems that the

minimum to get a realistic model is n=12.

F2rhis constraint is not fulfilled in some of the models

previously considered in the literature [9].

F3Here we have changed the notation of the superfield index

= al .

Fdsome combination of Uy(1) and U(1) could be identified
with baryon and lepton numbers but as we will see later

this depends on the representation of quarks and leptons

selected,
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Table 1. Preon representations under SUH(B)xGéxU(l)

a.f.
SUH(3) SU(4) SUL(2) SUR(Z) Uv(l) U(l)a.f.
$_ 3 4 2 1 1 -10
¢+ 3 4 1 2 1 10
v 3 4 2 1 1 6
¢+ 3 4 1 2 1 -6
A 8 1 1 1 0 -16

Table 2. Preon representations under SUH(B)xG%xU(l)a £

SUL(3) | SUA(3) | SUL(2) | SUR(2) | Uy (1) | UH(L) | UL, ¢
b4_| 3 3 2 1 ] a -10
4,1 3 1 2 1 1 -3¢ | -10
d3.] 3 3 1 2 1 o 10
d14] 3 1 1 2 1 -3a 10
by | 2 3 2 1 1 & 6
v, 3 1 2 1 1 -3a 6
Uy,i 3 3 1 2 1 a -6
v, 3 1 1 2 1 -3a -6
A 8 1 1 1 0 0 -16
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Table 3. Assignment of indices.
SUL (3} SUA(3) SUL(2) SUL(2) Uy (1 Uy () Indices U(T)a_f.'

18,-6,-14,-26

1 1+84+10 2 1 3 3 9,121,9,;{8,21{10 for k=1,2,3,4

1 1 2 1 3 -9 2&1 "

1 3 2 1 3 ~50 ng n
-18,6,14,-26

1 346 2 1 -3 o 2&3’£k6 for k=1,2,3,4




