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Abstract
The two known methodslfor;introducing a conserved fermion
number into supersymmetric models are discussed. While the
introduction of a conserved fermion number often requires that
the Lagrangian be massless or that bosons carry fermion number,
we discuss a model.in which masses can be introduced via spon-
taneous symmetry breaking énd fermion number is conserved at

all stages without assigning fermion number to bosons.
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A major problem encountered when attempting to construct realistic
supersymmetric Lagrangians is that they are often not invariant under a
phase transformation which can be associated with conservation of fermion
number.l’2 Some Lagrangians are only invariant under phase transformationé
which, when identified with fermion number conservation, require scalars'
to have fermion number,3 a somewhat unattractive situation from a physicalt
point of view. In several known modelsl’z‘fermion number can be conserved
without assigning fermion number to bosons, but these theories are massless
and cannot be broken spontaneously.

We study the circumstances undef which one can introduce a phase trans-
formation that leads to a conserved fermion number, so that the physical
fields can be identified in supersymmetric Lagrangians, and discuss the two
known methods of introducing fermion numbef within the context of several
publishéd supersymmetric Lagrangians which have a conserved fermion numbef,
i.e., a conserved fermion number carried iny by fermions. Then‘we preseﬁt‘
a supersymmetric Abelian gauge invariant ﬁodel in which fermion number is
conserved.4 Masses can be introduced in this model by spontaneously break-

ing either the sypersymmetry of the vacuum or the Abelian invariance of the

vacuum without destroying conservation of fermion number.

At first sight it would seem trivial to conserve fermion number in super-
symmetric Lagrangians since fermions come in pairs. The problem of fermion
number conservation arises primarily because the naturally occurring fermiog
fields in supersymmetric Lagrangians are neutral Majorana fields which canﬁot
transform with a phase. The reason that Majorana spinors appear instead of

Dirac spinors in the Lagrangians results from the facility of formulating the

supersymmetric algebra in terms of neutral Majorana spinors. When a Majorana
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implies the two relations
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which are mathematically inconsistent for o« # 0. It is, however, possible

for a neutral Majorana 'spinor to transform according to the relation’
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The helicity method of defining fermion numBer is associated with the

invariance of a supersymmetric Lagrangian under (4). The eigenstates of

fermion number are the helicity eigenstates wi and WR defined by5
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If the Lagrangian contains two neutral Majorana spinors and is invariant under

the transformation
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we can form the fermion number eigenstates
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which have fermion number -1 and 1, respectively, and are not eigenstates of
helicity. If the spinors were massive or became massive via spontaneous
symmetry breaking, one would have to use the procedure (7) instead of (5)
fqr introducing fermion number. |
A second method1 for introduciﬁg fermion number exists. If a~Lagréngian

is a function of two neutral Majorana spinors VY, A we can write it in terms

of the complex Majorana spinors

X,= DHiVE A, vz
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When wriften in terms of X1 and Xy 5 the Lagrangian is invariant under the
phase transformation
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We now illustrate the two methods of defining the fermion number in

the SU(N) Lagrangian,1
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Lagrangian (10) is invariant under the global transformation (6).

In order to implement the helicity methdd, we define the fermion eigenstates
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Under the transformation (6 ), the states (13) transform as
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In terms of the fermion éigenstates, the spinor-scalar interaction term in

(10) is expressible as
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To construct fermion eigenstates using the second method, we define as in (8)°
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When the Lagrangian (10) ig expressed in terms oﬁ_xl and xz,nit_is‘invariant.

under the global ph;se transformation
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and the spinor-scalar interaction term is
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We note that depending on the method chosen to define the eigenstates of



fermion number, one can obtain differen; scattering processes. The mass
term of Lagrantian (10) has been set equal to zero in order to conserve
fermion number, and the Lagrangian cannot become massive via spontaneous
symmetry breaking,

The fermion number or a more general phase transformation can sometimes
be introduced directly through the superfields. When the scalar and vector

superfields transform respectively as
tnd -4
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‘then the ordinary fields contained in the superfields transform as
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When a Lagrangian is expressed in terms of superfields, itsinvariance
properties under (17) and (18) are manifest. Invariance of Lagrangian (10)

under the transformation (6 ) corresponds to the case n=0 of (19).



We now discuss a model which is initially massless but becomes massive
through spontaneous symmetry breaking while conserving fermion number at

all stages. The Abelian sﬁpersymmet'riC Lagrangian is
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The Lagrangian (20) is invariant under 4'(19). Therefore, one can use the

helicity method to write the following eigenstates6 of fermion number when n =0/
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As a result of (19), the Lagrangian is invariant under
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The term 3(F +G°) = ﬁ+H is invariant and does not introduce scalar particles
with fermion number because it decouples from the Lagrangian (20).
We now proceed to break the supersymmetry of the vacuum by adding to the

Lagrangian given by (20) the term R
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fhe Lagrangian £ + £B is expressible in terms -of ﬂl and ﬂz of Eq. (22) a;&
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The scalar particles A and B have each gained amass m (mz = -§g2, € <0).while
fermion number is still conserved.

We can spontaneously break the Abelian symmetry by making the substi- °

tution

i
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in which case the scalar B becomes massless and all other particle obtain a
mass m=ga. Fermion number remains unbroken. One cannot use the second
method of introducing a conserved fermion number in (20) due to the fact
that when the Lagrangian is expressed in tefms of X1 and %p in (8 ), non-

invariant terms such as il X, appear.

The helicity method is widely applicable because one can offehlexpress
the interaction terms in a form that is diagonal'with respect to fields of
the type ﬂl and ﬂz in Eq.(13), thus conserving fermion number. The mass
terms do not conserve fermion nuﬁber so that one must require the Lagfangian
to be massless initially.7 In order to create masses through spontaneous
symmetry breaking in a supersymmetric SU(N) gauge invariant model, one may
use the method of Féyet and Iliopoulos8 and construct a corresponding |
SU(N) XxU(1) model. 1If the restrictions df supersymmetry and gauge invariance
allow the model to have a mass term, fermion number conservation requires that .
the mass be set. equal to zero and it ig not possible to introduce~a mass term
by spontaneous symmetry breaking, because the.U(l) mass term is needed to
obtain real masses.9 If the U(1) model does not permit a ﬁass term, then it
is possible to obtain mass terms by spontaneous symmetry breaking. In order
to obtain a Lagrangian with a conserved fermion number and massive particles,
we speculate that it is necessary to start with a supersymmetric U(l) Lagrangian
that does not permit a mass term, and then obtain the masses by a spontaneous
symmetry breaking mechanism.. |
The second method of introducing fermion number is available when the
Lagrangian has SU(N) symmetry. This option is associated with F-type coupling
of spinors and scalar fields where AV and YA terms are expressible in terms

of the type §1 Xg and ié X where Xq and X, are defined in (8).
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We next consider the phase traﬁsformation exemplified by (19) which
can be regarded as a generalization of the transformation associated with
fermion number conservation. It is remarkable that the vector modelsB’4
are invariant under the transformation (19) for arbitrary n and mass=0.
On the other h;nd, the scalar‘mode_l10 with m=0 is invariant for n=2/3.
It appears that phase transformation (19) imposes as much restriction on
the form of the Lagrangian as the conservation of fermion number which

corresponds to n=0, because all the available supersymmetric massless

Lagrangians respect this phase transformation.

After completion of this work, a paper entitled '"Supersymmetry and
Fermion-Number‘éonservation” by A; Salam and J. Strathdee, Nucl. Phys.
B87, 85 (1975) was called to our attention. The authors conclude that
it is often necessary to tolerate some bosons with fermion number two

in order to have conservation of fermion number.
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