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ABSTRACT

In this note we discuss the possibility that new
spin 3/2 leptons can occur in nature as a manifestation of a
leptonic structure aﬁd in multiplets in supersymmetric theories.
We postulate a new interaction between spin 1/2 and spin 3/2
particles that maintains the standard SU(Z)L @ U{t) local
gauge invariance. A comparison with the anomalous 2° - e+e_Y

events is made and new decays for the weak bosons are studied.

-2.

The repetition of the properties of each of the
known fermionic families and the experimental discovery of the
tau lepton with a mass higher than that of ‘baryons -raises the
possibility of a leptonic structure. AaAn evidence. for thisg .
possibility could be the.excitationsqf_the-subcomponeﬁts and
the conseguent appearance of spin 3/2 states(T).

In a rather different context supersymmetric

(2) predict supermultiplets with spin 3/2 partiéles.

(33

theories
A recent stﬁdy of the renormalization effects in broken
supergravity gauge theories concludés that the gravitino (spin
3/2) can have a mass as low as 50 .GeV.

These two points sgggest.that—theuexpefimentél
discovery of a spin 3/2 leptdﬁ'ior éﬁaxk);ceuld-be_a fundamental
step to confirm_or to rule out a series éf models in the present
elementary particle physics.

This is particularly difficult since we. have. no
conplete theory'for-inge;acting spin 3/2 fields. But we may
propose phenomenologicgl interactions which can give qualitative
properties of spin 3/2. interactions. - This is suggested by the
effective poiht—like—?érmi's model which is not a consistent
theory but gives véery usefgl informations on weak interactions
at Iow energies; 7

We will consider mainly-the possibility of spin 3/2
states as a manifestation of a leptonic structure for a simple
reason. If spin 3/2 fields are excited states of the presently
known lepton families we can reasonably suppose that their
electroweak interactions are the same as in the low lying
spin 1/2 states. This hypothesis fixes almost all the parameters

in the theory, except, of course, the spin 3/2 mass.

The uniqueness of the Rarita-Schwinger Lagrangian




.3.

(4}

has been reexamined recently and has the form:

(1 Lyee = - P9 vy G, + 1 8 vy,

We can generalizels) this Lagranhgean for the electro-

weak SUL(H & U{1) model by comsidering spin 3/2 fields with the
same quantum numbers as in the spin 1/2 states: a left-handed

doublet

(2} o=
LEY g

and a right-handed isoscalar
(3} i g = g¥
The fermionic Lagrangian is

. . . S _: _],1\);10’ =3
{4) LE_ sonic = € (L 75 Y\}Dp Lo + Ruys YVDDRO,)
where the notation is the same as in reference 6.
We generalize even further the local 58U, (2) ® U(1)
invariance and include spin 3/2 %, rM) 'and'spiﬁ 1/2 (L,R)

interactions:

(5} L3!2|1/2 = - K E:U.VQU [EHTSY S)DO‘L + R ¥ Y\)Dp DGR]

where X is a constant which behaves lLike the inverse of a

mass.

-

The above interactions imply several new decays

.4,

for the wéak bosons. We compute decay probabilities with
arhitrary vector (V) and axial-véctor (A) couplings which
genéraiize our interaction Lagrangians (4) and (5}ito other
cases..

We consider several new decays:

DECAY I: z° + E§/ ey,
. o e

In this case

K2 (v ea®) _
= — L X M2 (1-x)° (1e2x43%2)
48 T x {1+x}

o, -+ _-
(6) r(z°+E} ey ) :

where x = M@./MZ. In the standard model we have (for K =
A ]

/2
the following branching ratio
o + - i
Tz~ +~ E;, e;) 2 .
(7) o fo o A L=Xb (gi0ni3x7)
riz® +» et e1,) 4x (1¥x)
e T e
, .“qf_ +;_Q-¥ .ot +
DECAI I'I-"-_ , W~ Ea/é Yy, ¥ " . T ey Na/z
. . 2
- 2 .2 ; MS/
For a V-A coupling (VII = AII) we have {y.= —£)

MW

it > Bt = Tt et -

(8} P(W. +'E3& V%&) = T.(®W —ig%&@ N53} =
2 a8
K vip My

& =W (1_y) (1+2y+3y?)
247 y{1+y}

and in the standard model

=y
-




* +
‘9) F(W E3/2 \)1/2)

’ 3
= LU= g 0ya3e2)
Wt - el Vi) 4y®  (+y)

2 2

DECAY TII: 2° + Nj Vi
Y2 Yo

For this reaction

_ K*(Ap,p = V. .o) :
(10)  T(z° > my By ) - IIT  IIT 2 (1-x)® (142x+3x2)
z 96 1x{1+x) % '
and the branching ratio is
o —
(2% + N3, Vi, ) 3
(1) = +/z L . 1 (1= (1 one3x?)
I'tZ™ » e, ey, ) 2(a? + v?)} =% (1+x) .
fr "
where a’«1 and 2 = (1_.4sen2ew)

DECAY Tv: 2° + Ny, N;
2 /2

This decay is an example of péir prodiuction of
spin 3/2 fermions. These cases can all be supressed if

M3/2 > g M

3 My The neutral massive pair production gives

12y r@® - Ny, N ) = _1"&71?";:«'[:"‘5" M, (1-4x) (3-14x+38%?)

and the.branching ratic in the standard model is

I'z° + N, Hi,)
(13’ 5 1/2 ‘3/2 = 8 (1-—4}[) (3“14X+38Xz)
r(zf » &% &™) 3{a? + v¥) ¥

6.

The interaction form (5) implies that the dominant

decay of the charged spin 3/2 fermion is electromagnetic

{14 ’ E + :
(14) Y ey, v Y
with a branching ratio of pracdtically one. The contributions
of this cgupiing to other processes l;kewthe.Comptbn~effect or
the Thomson cross séction were discussed in references 5.

We have also the possibility of neutral decays

(15) N%& -+ vyg + ¥

via higher order contributions 1like

ﬁé ﬁuanpdﬁﬂQﬁr attention to the anomalous
z° + eTeTyY évents:observed iﬁ:tﬁé UAy expériment(vi, Even
1f we have a limlted st&txstlcs for: these events the agreement
with the. standard electroweak theory seems very: dlfflcult-
Inzour_mddel, this decay can'proceéd thrqugh,the

chain
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with a branching ratic of twice our equation 7.

We also have ‘decays like

.
W By, Yy,

1——«\:—:.?/2_ ¥

which are not, so far, detected: A large mass for the spin 3/2
charged lepton can suppress this channel. We compare both
predictions in Table I where we consider Mwa 80 Gev, M%=90 Gev

and different values for Ma% (in GeV).

My, - 65 7 - 70 75

riz® + B}, e3 ) :
fe T .19 .09 .03

0, F .-
I‘(z"_' ®Y, 9_1/2.).

P By, V)t

S .05 - .01 - L0011
W - ey, v%;’ . - .

'TABLE I

which_show§_¢1ear;y the suppression of the chargéd bogon déqdy.
o We note that tﬁe_ﬁypoﬁhesis_bf excited spin 1/2
leptons,.with a non-renofmalized pﬁénomenological.interaction(s)
leads to a mass value similar to the spin 3/2 case to fit the
z° + ey events.
The decay III also implies a very definite signature.

If the branching ratio for N%@ -+ “3&*r is one, we have a

decay z° + v¥y with a branching ratio that can be obtained

.8,

from our equation (11) and recognized by a very energetic
single gamma event plus missing energy.

If the neutral 'Na& satisfies M%& < %% decay IV
implies events with two energetic gammas and a branching ratio
given'by eguation (13).

In conclusion, production and decay of spin 3/2
1eptoﬁs appears as a very usefull test for leptonic structure
énd/or éupersymmetric-models. The present experimental
investigation of the W's and 2z° decays is shown to be
consistent with the production of héavy spin 3/2 1eptohs, but

we still need more detailed experiments.
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