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Vectorlike Lepton Model with Supersymmetric
Interaction

A supersymmetric vectorlike model of lepton inter-
actions based on the group sszU1 is proposed. The fer-
mion sector of the model consists of e, and one heavy
charged lepton E, two heavy neutral Dirac leptons, and
three two-component neutrines {v_,v,,v ). Supersymmetry
is spontaneously broken, but the neutrinos are not Gold-
gstone fermions.
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Vectorlike models, recéntly_considered
by severaljauthors/hz’w, seem to be rather
8 promising possibility to describe weak
and electromagnetic interactions. In these
models the interaction between leptons and
quarks mediated by the Yang-Mills mesons 1is
assumed purely vectorial in the absence of
mass terms. Mass terms introduce effective
axial vector interaction and lead to parity
and (possibly) lepton number nonconservation.
In the considered models it was supposed
that weak and electromagnetic gauge group
was SUsxU; and the physical spectrum of
fermions and vector mesons 1s due to some
kind of Higgs mechanism specific form of
which was not discussed.

In this note we propose a particular vec-
torlike model of lepton interaction which
is not only gauge invariant but also super-
symmetric. Supersymmetric models provide a
natural framework for the Higgs mechanism
because in these models fermions are neces-
sarily accompanied by (pseudo)scalar par-—
ticles. However supersymmetry imposes severe
restrictions on the form of interaction and
up to now nobody succeeded in constructing



satisfactory realistic supersymmetric model.
In particular it seems extremely difficult
to incorporate electron and muon simulta-—
neously.

It was shown also/4j/ that if the elect-
ron neutrino is a Goldstone particle then
the predicted lepton spectrum of fS-decay
disagrees with experiment. _

So we face the alternative: either super-
syrnmetry must be broken explicitly, or sym-
metry breaking is spontaneous but Goldstone
fermicn is not coupled to electron and there
are other massless fermions which can be
associated with neutrinos. (It seems there
are no objections against identification of
the Goldstone fermion with the muonic neu-
trino /6/ ).

Below we describe a mechanism of sponta-
neous supersymmetry breaking which does not
suffer this difficulty and allows one to con-
struct realistic supersymmetric models.The
proposed mechanism 1s equivalent to a "soft"
breaking of supersymmetry Ly special mass
terms. (The term "soft" breaking is applied
to the symmetry breaking preserving the sym-
metric renormalization procedure). The simp-
lest example of "soft" supersymmetry breaking
was considered in an early work by Illiopou-
los and Zumino /7/. More elaborated procedure
specially sulted for non-Abelian gauge theo-
ries was proposed in our paper/&/ where an
alternative formulation involving spontaneous
breaking of supersymmetry was also given.

In this paper we show that any mass term
for scalar conmponents of supermultiplet can
be obtained in the framework of spontaneously
broken symmetric theory.



Let us consider supersymmetric expression
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Bere ®+ are phy31cal" chiral multiplets,
and Ry R_, R,= =R are auxiliary chiral
superfields. Components of chiral superfields
are denoted as usual A4+, ¥+, Fi, where
A+ , Fioare (pseudo)scalars and ¢+ are
two-component spinors, D is a covariant de-
rivative/%/

The last term is nothing but nﬂ‘
Therefore TE acquires nonzero vacuum
expectation value, and one should perform
8 shift Fpi-lpy+7 which eliminates the linear
term, and produces the mass term

wﬂ).
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Variation over R leads to the free field
equations for R and therefore auxiliary
fields R and R completely decouple from the
"physical" fields ®4. The only observable
effect of these fields is the appearance
of the mass term (2). Goldstone neutrino
is a component of R and is not coupled to
the physical fields. The analogous mechanism
described in our paper’/% allows one to ob-
tain mass terms of the form

£ATA vEATA_. (3)

These arguments show that "soft" breaking
of supersymmetry by arbitrary mass terms
for the scalar fields can beé realized as
spontaneous symmetry breaking and consequent-



ly preserves supersymmetric renormalization
procedure developed in our papers/10.11.12/
(There exists a general theorem that mass
terms change logarithmic counterterms, i.e.,
the wave function and charge renormalization
only by finite numbers/wJ4. Our statement
is stronger: soft supersymmetry breaking
does not produce also independent mass re-
normalization and preserves generalized

Ward identities).

The proposed model is based on the gauge
group SU,x Uy, The gauge fields are des-
cribed by pseudoscalar superfields
‘{j3={Aa,Xa,Ma,Na,Aa ,\a,Da]and

u o
Y-{A,x,M, N.A .A, D}. A gl
Nfal - pla) ahe (pseudo) scalars, y (@

and Al3) are Majorans spinors, A® are vector
fields {a = 1,2,3). ¥* and ¥ +transform

as 8SU, triplet and singlet, correspondingly.
The gauge fields interact with complex chi-
ral superfields ¢+12_{A+12,¢+I%Fﬂ »{ which

are isodoublets with respect to SUQ {a is
an: isotopic index). The most general super-—

symmetrlc and gauge invariant Lagrangian
3 5/15,16/
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According to the previous discussions,
spontaneous supersymmetry breaklng allows one
to 1ntroduce mass terms

+ + + + (5)
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Let us assume that a stable minimum is
achieved for some values <Ay >=ay . Then vec-
tor mesons acguire the following masses:
Charged components

Al + A
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Neutral components
Z, =(g2+ g (g, -gA3) M2—2—1(gag2)za2

a

2 2y=-% 3 =
a# = {g +-g1) 2 (gAfla-glA ILl), M =0.

An additional mass term for the fermions
also arises
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remains massless and may be identified with
one of neutrinos, for example, muonic one.

Now it is clear why at least two chiral
multiplets are necessary: the neutrino
enters the Yang-Mills interaction

kfm —k f
gem)tA/\m

Therefore the components of the charged fer-
mion (A +ikg )¢ cannot both belong to
electron and g—meson. A heavy charged lepton
is unavoidable.

If the model is assumed to conserve lep-

ton number, the values ay; cannot be all
different from zerco. Indeed, if all masses
M“ are nonzero, the lepton conservation

1s associated with the transformatlons/n/
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<A_>g=a_, ¥ 0 mean$ spontanecus breakdown
of lepton number conservation. On the other
hand the formula (6) shows that if all « ;=0
then the massless charged fermion &, +1A)
is inevitable. To avoid the appearance of
such an undesirable particle one of the a_.
for example g« 9 mUst be . £0., It can be

achieved without violation of lepton number
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conservation, only if Mgy=Ms=7;;=19,=0. In
this case the transformation properties of
?_3 can be cHosen independently on @

+i?
and one can put

A Q= A 9
o | > [Wo 7€ (9)
¥ ” F . ~2ia

With this assignment the charged components
277 0y #iA 4 and ¢, are antileptons, and
other charged components are leptons.

The conditions formulated above allow one
to identify

-4 .
270, HiN) vy, =
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Yo, +2  (Mgrid)_ e = B

]

(10)
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where ¢ is a small parameter that would be
equal to zero if the electron weak interac-
tion were exactly {(V-A). One finds

M”:me, M21=-—ME5, gay, =em,, ga, =ME,



It can be easily verified that the parame-
ters ¢ ,7n may be chosen in such a way to
provide for a,, the values (11).

A sum rule follows from eqg. (11),

2 2 2 2
Mw"MEF*mH+‘me: (12)

Egs. (6) (12) determine uniquely also the
neutral lepton spectrum. This spectrum in-
cludes the second "neutrino'" and massive
leptons which unfortunately cannot be iden-
tified without contradiction to experiment.
The massive neutral lepton with the ,mass
~my, arises. Its appearance cannot be avoided
even if one does not demand lepton conserva-
tion. The minimal model (% )is not compatible
with the experiment and the number of leptons
should be increased. The closest possibility
is a model with the same number of charged
leptons and one new neutral lepton. Such
a model is described by the Lagrangian (4)
plus additional term Af, responsible for
the interaction of multiplets ®i1%A with
a neutral chiral superfield §, = §

S - < ot =
AP = T(DDhay S @50 + L (OD(S,S Ivhe. (13)

We assume that 8 transforms under (8) as
follows: ‘
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Then lepton number is conserved if a“=;&1=0.
Now the spectrum of neutral leptons 1is
defined by the guadratic form
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which means
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one finds the following spectrum:
1) two massless "two-component neutrinos"

m m
2 -2y, 2 e 2 e 2
V1+ ~%1+me(fmlu) §{¢II+"E“"D2+ +;—-r-n";'¢z__},
(16)
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2) two massive Dirac fermions with the masses

2 .2 H2 2 2 -2.%
Mlz}/M, M2: vD+A =—,—§-—-—m#(1+e m’ume ) (17)
if ] -
1?be>>mem” c 8,28, € Dy
then
a) vH=:¢ﬁ_ and may be identified with
the electronic neutrino )

b) Vz_:s N“.

Vector currents including this "neutrino"
contain with respect to normal ones the
factor gg;l,

c) both massive fermions are heavy:
Mi>>m#>mK _

d) Due to lepton conservation the mass
of muonic neutrino is automatically zero to
all orders. The condition {(15) guarantees
masslessness of »; and vy only at lowest
order. To provide v; and vy, with zero masses
to all orders one should take into account
in eq., (15) radiative corrections. It can
always be deone, because the form of the mass
matrix (14} is fixed by lepton conservation.

Besides fermions and vector mesons, the
model includes five complex scalar mesons.
Three Hermitian components of these mesons
become Goldstone bosons and are eliminated
by gauge *transformation. One Hermitian sca-
lar acquires a mass ~yM. Masses of remaining
scalars can be done arbitrary by appropriate
choice of parameters ¢, 75,

Finally we have the model describing weak
and electromagnetic interactions of electron,
muon, one heavy charged lepton, two heavy
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neutral leptons, and three neutrinos. Expli-
cit form of interaction is easily derived
from (4}, In Zumino-Wess gauge one has:

£int = ggl_(g2+g21)—1’5 a (E'}’Pe + ;y“.u) +

g g
+gg 2 (g +g? #[p y#(v —gg 1” )}+g2 “y# +

+(g2+g?)—yz Z”i(g?—gQHE)Pe —ﬁ;y#p_} + (18)

— 2_
+(gag?1%yﬂ£—g;uy“y+{+u"

where ... denotes terms including heavy lep-—
tons. Contrary to the standard Weinberg model
the mass of the charged intermediate boson

is fixed unambiguously. M,=37.3 GeV. The

sum rule {(11) fixes also a mass of the char-
ged heavy lepton. It is clear that p-e
universality demands g= g, .

The model considered seems to be the mi-
nimal supersymmetric model of lepton inter-
actions. There exists a number of models
with more leptons. In particular the model
with 3 chiral doublets and without chiral
singlet may be of some interest, because it
is characterized by only one dlmen51onless
coupling constant.
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