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ABSTRACT
A possible suppression of the pionic mode in the T decay is discussed
under the assumption of T being a spin 3/2 object. The computed branching

ratios are compared with existing data.
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The anomalous el events observed by M. Perl et al. and confirmed by
others(z) are now being interpreted as being due to the decay production of
a pair of spin 1/2 heavy leptons. The experimental cross section Ueu is fitted
by the formula
) 1
g . (s) = ZAeu (s)BeBuofT(s)
where

b gy = 2m086-6) -
TN 3s is the calculated

¢cross section of e+e~ > T+T~ assuming that the T lepton is a spin 1/2 point
_ particle. Be and BU are the leptonic branching ratios of T - v e ﬁe and
T »»va’Uu, respectively. Aeu is a calculated acceptance in the experiments
and fe is the velocity of T. The reported values of Be and BU are around
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0.18" ), consistent with the spin 1/2 lepton assignment of T. The observed

momentum distribution in terms of r = Egéggiéé and the observed collinearity
p, - 9.65
distribution in the variable, cos8 = - (pe . pu)/ [pel-!pu[ are consistent

with the calculations based on the assumption that the T is a spin 1/2 lepton
with V-A coupling. But this does not necessarily exclude higher half-integer
spin assignments of T such as spin 3/2.

Alles and Borelli(4> considered the productién of T and some of us(s)
also studied the decay distribution in addition to the production under the
assumption of T being a spin 3/2 object. The cross section Oeu calculated
under the assumption of the T being a spin 3/2 object was shown to be consist-

t(6) with experiment. The collinearity angle distribution for the spin 3/2

en
case was almost identical to the spin 1/2 case up to 6 GeV of Ecm where Ecm

_ + - . e dd
is the center of mass energy of e e . Above 6 GeV, there were some differences

hetween the spin 1/2 case and spin 3/2 case. But, the present data is con-



sistent with both assumptions within the statistical significance of the data.
However, it is expected that the angular distribution of e or ¥y from the
leptonic decay of T should show some difference between the spin 3/2 assumption
and spin 1/2 assumption of T. But no data is available at present. DMore
readily available experimental data are, perhaps, the branching ratios of the

T decay where the difference between spin 3/2 assumption and spin 1/2
assumpfion should appear. Preliminary results of the experimental branching
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ratios of T were reported recently as shown in Table 1.

The observed rates of the decay modes, T + py and T~+Alvare in agree-

(8)

ment with the calculation, for example, of Y. S. Tsai , with the spin 1/2
assignmentbof the heavy lepton. Although it is very preliminary, the pionic
mode, T - TV, is absent which should be about the same strength as T - AlV
under the spin 1/2 assumption of T.

The purpose of this paper is to present a possible way of explaining the

absence of the pionic mode leaving other observed decay modes, T + 2 + vT + VQ’

T > pvand ¢ e-Alvintact. We choose to compute the relative branching ratios

It > mw) - r— pv) and R. = F(T-’Alv)
7r Nr —evy) ° P O(r —efv) A "t —evy)

For the purpose of calculation, we use Rarita-Schwinger formalism for the spin
3/2 object. Although the formalism has some theoretical difficulties such
as unrenormalizability, we shall ignore the problem for the purpose of phenom-

enological comparison with the data.

If one assumes the conventional V-A type interaction, the simplest matrix

(9

elements for the decays, T -~ &V, T + TV, T > EV and T-%Alvare



G -, . =
M?i =~f§=' u(e)y“(l—'y5) V(ve)u(vT)(1+75)uu(T)

T G T~ 7
M. Nl f_cos ecqu U ) (IHyg)u(r)

=
1
So

f, cos 906“1-1(1/7_)(1"‘”}’5)11”(1')

- G c 1
Mﬁ = £, cos Gceuu(v,r)(1+75)u ()

where u and v are the spinor of spin 1/2, uU Iis Rarita-Schwinger spinor of
T, and EU is the polarization vector of the spin 1 particle. The coupling
constant fw is well known and we can obtain fp by e+ e - pwvia C.V.C. f
can be obtained via the Weinberg sum rule from fp as others have done(8 ).

The straightforward calculation gives then

2.5
r(r - epy) ==
9607
Nr—mv) = g5 7TM (1-X1r)
Gzcos 6 2.3
I(r—pv)= — M M (l-X) (1+10X +X)
7687
2 2
G%cos“g
> - C ar2 w3y 2.2 2 4
P(r—Aw)s= 5 My M7(1-X)) (1+10X), +X )
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where M is the heavy lepton mass, ¥ 1is (}%) for o = m, pand A, respectively.

o

We wish to point out that, as in the case of the spin 1/2, our calcula-
tion of RW is reliable since there are no unknown parameters once we assume
the conventional form of the interaction. The results of our calculation and
the corresponding values of spin 1/2 assignment are given in Table 1.

It should be pointed out that the relative supression of the pionic mode
to T + (Vand T—*Alvcomes out very maturally in the spin 3/2 assumption due
to the p-wave nature of T - mv. This angular momentum barrier suppression is
absent in the spin 1/2 model.

We conclude by remarking that if the pionic mode can be observed at the
level predicted by the spin 1/2 assumption, it is good evidence against the
Spin assignment of (3/2, 1/2) where 3/2 refers to the spin of T and 1/2 refers

to the spin of v . But should the absence of the pionic mode persist, =
T

further investigation is necessary including the spin 3/2 assigmment of T.
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Table 1

The branching ratios of heavy lepton

Computed value Computed value(a)

The mode experiment of 3/2 case of 1/2 case
(1> e\‘?\)) 0.18 * 0 32 0.1 * 0.20
T(T> all) e =0 -19 | :
T(oom ) | (11)

T(t> all) not seen . 0.04 : 0.11
: b)

I'(t>pv) +

T(t> all) 0.24 £ 0.09 0.21 0.22
I'(t=AV) c)

T 0.11 + 0.4 % 0.3 0.11 0.07

T'(t> all)

a) Value reported by M. Perl in SLAC-Pub. 2022.
~ b) Value quoted by M. Perl of DASP data.

c) Value quoted by M. Perl of Pluto data.

: 3/2
%
The value obtained in ref.(5) by fitting Oeu using calculated - (s)

. - 1/2 , . I'(1»eW) ~ (10
1nsteadiof GTT (s). Our model calculation for T(t5all) was 0.21 0.16
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+ - + -~ 2 e2 = -

The amplitude T(e e -~ T T ) = F(q) @ v (k')YUuGQ ua(p)‘(u Va(p')

was used to calculate oi/§gin ref. (5) where a simple minimal coupling was
assumed. .

u,'v,lkx and Va are the Dirac spinors for electron, positron, the Rarita-
Schwinger spinor for T+ and T—, respectiQely.

The form factor
1

2
F(q") = —————5—
(1 - qZ/mz)

2

was introduced in order to accommodate the possibility that the heavy
2 2

lepton may be composite. A good fit was obtained with m~ = 50 GeV .

M. Perl in Proceedings of Benjamin Lee Memorial International Conference

at N. A. L. (1977).

Y. S. Tsai; Phys. Rev. D4, (1971)282.

1
The dipole form factor used in ref. (5) was F(q2)= — 55 with
) 2 (1 *.S: )
m = 50 GeV . m2

Our range of q2 is at most 0 ~ 4 GeV2 for v > evv and much narrower for
two body decays. We have ignored the effect of the form factor since the

values of q2 are much smaller than m 2 - 50 GeVZ. In addition, there should



9.

10.

11.

(continued) be effective cancellation in the branching ratios. Therefore,

we have computed the braunching ratios as if T is a point particle. The

error by doing so should not affect our conclusion.

The estimate of T(T - Vv + hadron continuum) depends on the cross section
+ - . . . -

0(e e = hadroms) in I = 1 channel as pointed out in ref. (8). Our model

. + -

calculation reflects the range of values we used for o(e e - hadrons).

However, our result has no direct connection to this uncertainty because

we use the fitted leptonic branching ratio to obtain RW, R pand RA'

i

BeBw = 0.004 £ 0.005 was quoted of DASP data in SLAC-pub-2022 (in pionic

branching ratio, it corresponds to 0.02 * 0.025). This result is con-

sistent with the absence of the pionic mode or our model.



