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Introduction

(5

. -
The discovery of the "anomalous" w e® events at SLAC has aroused a lot of

theoretical speculation. One of the possible explanations is that such events

. . . t
come from the pair production of oppositely charged heavy leptons, & , and

their subsequent decays into leptons, e.g.

If this turns out to be the case, then one immediately asks the question: What

+
is the lepton number of the heavy leptons, & 7~ whether these heavy leptons
+ + . .
carry the lepton numbers of u~, e  or a new lepton number. The question 1s

obviously of fundamental importance. The purpose of this note is to study

this question.

First of all we remark that if 2 (or £7) has the same lepton number as

u (or u+), iteouldbe produced by the vu(Gu) beams available at NAL and CERN.
Albright has argued from present neutrino data that they are unlikely to be the
(2)

. . + - ey e .
candidate for the 'hnomalous" pe events 1n e e —annihilation Morecover

the mass of an negatively charged muon type heavy lepton is set experimentally
above 8 GeV.(B) Since no ve(se) experiment is presently available, no such
. . .. . * . (4)
experimental constraint is imposed if % has the electronic lepton number.
; +
We shall concentrate below on the difference between charged heavy leptons, &,
carrving electronic lepton number and a new lepton number. (The latter case is
usually referred as sequential).

(5)

+ B . .
If £ has. the electronic lepton number, one has two alternative assignments:

- + . .
2 has the lepton number as e or ¢ with the respective decays

-

U — 9 + € +)e
LT — Vg t e+ Ve



In the first case, one finds by Fermi Statisties
% ¢ €)= 2T (U e )
It follows then |
O‘Qefe_‘) v (e 4 ,x-ef) ‘. o*(p*;u') o4y d

where

FLL) = o(ete > AT = Lhe)

(1)

The present SLAC data is consistent with the above ratios being 1:2:1.

Y * +

It indicates that the £ do not carry the e lepton numbers. Thus the

. = hut
possibilities left are: either &7 have the same quantum number as .e or
else they carry a new lepton number. If the latter is true, there exists then
4 new neutrino (massive or massless). If the former is true, one may or may
not have a new neutrino. We device tests to distinguish between these two
assignments. The tests essentially consist of measuring the transitions
* s .
A" > e + x , where x <can be either leptons or hadron (s). We shall also

comment on how to distinguish such decays from the heavy hadron decays which

can also simulate the heavy lepton decays.

The paper is organized as follows: In Section II we discuss the qualitative
features of the two Bt lepton number assignments. These properties are
testable experimentally and should be looked for. In Section III, we calculate
starting from a phenomenological Lagrangian all the leptonic and semileptonic
decays of 2t , ilnvolving non-diagonal neutral current transitions

27 = e~ + x . Section IV contains remarks.



II. Experimental Tests for the Lepton Number of Charged Heavy Lepton

1f % has the quantum number of e , then in addition to the charged current

decay modes

{_—-7)/_(-#_);,& +€ , Yp + Y Tt o (2.1)
L_ ___7)/1; + hadrons ' (2.2)

it can also decay via neutral current medes,
[T 5 e+ €ee e+ pT, €t
& F YV , L+ (2.3)

i — e--_—-!- hadrons (2.4)

where in (2.3) [see Fig.1] vy = v, if m(vl) = 0 , otherweise it is a different
particle with the same lepton number as v, - The decay rates and branching

ratios for (2.1) and (2.2), assuming only charged currents already exist in

(6)

literature , but will have to be modified if non-diagonal neutral currents
are present. These modifications together with the decay rates for (2.3) and

(2.4) are presented in Section IIT.

If 1 is a sequential heavy lepton, then only (2.1) and (2.2) are possible
(7

decay modes with v, # v, » even if m(vg) = 0. In principle, the mass of

3

the neutral heavy lepton, v, s Can be measured by the cross section and

. . . + = +,= * o+ .
momentum distributicns of e e -+ £ & -+ u e + neutrimos.

The non-diagonal neutral current processes will have one of the following

signatures:



(1)

(2)

(3)

e - uie: + hadrons + missing momentum,(B) - Events of this kind can not
come from the decays of sequential heavy leptons. They can arise eitherrby
heavy lepton decays involving (2.3) and (2.4) or by leptonic and semi-
leptonic decays of heavy hadrons. These two mechanisms can be disentangled
by looking at the energy momentum distribution of the final states. (For

example, u+ from 2+ decay must follow three-body decay). One should

particularly lock for the processes

+ = o + 7 °
t 5 -—et TC ) € ? o
e —> uTe ,y s T

+ = + _F
et e, e, e

(2.5)

. . . +
In the case of a single hadron in the final states, the e and the hadron

. . . . + .
must have a unique invariant mass equal to m, if due to & decay and

will not do so if due to new hadron decay - in the latter case, the
hadron follows three-body decay (see Fig.2). Thus these two cases can be

distinguished.

If 1% carrys electronic lepton number, them the branching ratio for

g - u o+ vu + vy and & ~ e*-+5e + vy could differ due to the neutral

current contribution. Thus (a small) deviation in the ratio of "anomalous™

+ . ] ..
e e and uy u cross sections from being 1 <could indicate non—zero

neutral current contribution.

. . + - oy . .
Four charged lepton production in e e annihilation. - Ubservation of

the following processes and narrow e ¢ e Tresonance in

- + F + - + -
€+€_ — fAT et + €€ ('/-L H) + missing momentum (2.6)
of order G% will prove that 2~ has the same lepton number as e
+ ¥ + - + 5 - .
Moreover of{u"e + e e ) = 20(u e + uw u ). A word of caution. = The

strengths of leptonic decays(2.3) and semi-leptonic decays (2.4) are a



priori unrelated, thus it is necessary to check both (1) and (3) experimen-
tally.

In conclusion, in order to establish thét the charged heavy lepton is
sequential, one must check that the signatures (1)=(3) are noﬁ found. On
the other hand, a clean signature (even omne or few events) of (1)-(3) would
prove non-sequential charged heavy lepton. In Ehe latter case, one must

further check the following:

(4) If 2 carrys electronic number, no processes of the kind

+ + - . .
e e - uypy + hadrons + missing momentum is allowed.

ITI. Neutral Current Contribution to Heavy Charged Lepton Decays

We start with the following weak interaction Hamiltonian

+ W a - \

Heﬂ = % (_ jw'tx) Ju (o) T jz‘a} In J

where 'GF = 1,05 x 10—5 m;z is the Fermi coupling constant. Jw and Jﬁ are
the charged and neutral weak currents respectively. The charged currents are

defined by

W, Lefd%mﬁb __ —
3;* = Y b;(_l_.b’ﬁ)ﬁ + Ve 3’/4@-75)/* (3.1)

Y (8, s+ G 1£8)L

(3.2)
{2 Y+(S 418

:];A . (~»§*fifC%- /\KJ Cl:fé; + (lé& _ /q%“)
x S p



The neutral weak currents are parametrized as follows:

3_,4 ’ = X )-;.e_ X/u (_l_‘_"_;_rS)V-e_ + p 95 X/(*)Ve‘

+ E. YF_ (a..;_ /—35' + Ag H-:'s)é_

+ B Y (b 9 4 be 1275 ) e
and + A‘C‘ + {"e—"f"/‘*/ £ —:’M; )je.,ﬂ_';)ﬁ‘/l“f}
z Moqffow;f-
’ 3) (8) @
jr* = hs V,u + ks Ku + heo Ve

(3) (8/
+R3 A/“( -+ ka’ A}A‘f‘"‘"“

where the superscripts refer to the SU(3) transformation property of the
™
hadronic currents. The leptonic widths are (neglecting O(EFJterms)‘as follows
L

]—'C[ﬂa £+ Ve +V,L> 5 X .
r'(;f——?V,quf’—**;e) = (%)[{(/ﬁd;/ﬁd} (3.5)

- /P/Z(/fz:_/_;t_/_@gﬂ)} fiz) + & Re (g_,%_@) )]

I L L >« - €+F’:> — -Z;" (-{n_(_ )5(/a¢/1+/aglj{/b¢/£;2;1)

- m
(BT Vet & tHe “

. - -+ - -
The expressions for &4 =+ e pu and 2 > uy v v

Vg can be immediately written

from the above two equations, neglecting O EE ) terms. Fermi statistics then
%
gives:

A €epw) = T{1= € +e7e)

(3.7)



and the absence of neutral current contribution leads to:
NOETRTRT), 8 '
( ] —— — (_r_g_ ) [(/af*/?’djo(t(z)@.&
‘ﬂ (:11, - ){#L € >J€L) an4 ‘—“—‘:;"'—__

+ 2 Re (9_@_;_21—)3(&(5)]
where Z = m(v,)/m(2)

and

1@ = (t- 24)( 24 gz 1) + 24 2 4n (Yz)

f.(2) = 4z(1- 22)3- cz(1+ z‘)({-z~4ffn(i/gj)cs.9>

The neglect of 0Of )

terms does not introduce any appreciable effect if
m, > 1.5 GeV.

Hadronic Decay Modes

Defining the spectral functions 0 and pg for the charged weak currents and
Z
P Dg for the neutral weak currents by:

. 3
s 4ol TEE 1< T S0 64 (- £) @D
F

2 o w(Z) (3.10)
) (Y- Vo) + 5 ) e

——
——
R

then, if the hadrons have invariant mass

vt , Wwe obtain



3
dr ([I—? e* + hadvons) = G:Y‘ﬂﬂ_ (}_ %z (\b..\"-»lbﬂl) (3.11)
Ak 6T L/ 4
Z
*F W

where

<

z z > ‘
%1 (k) = ?i ({-)(1 + %1"%4)1'@(6)(1- ‘@;) (3.12)

. x . .
The semi—leptonic decays of £ , involving charged weak currents, have been

(6)

studied in detail in the literature and we shall not discuss them here. The
hadronic continuum as well as the single particle contribution inveolving the

neutral current can be calculated in aw analogous way and are given below.

Hadronic Continuum Contribution

To estimate the hadronic continuum contribution, we shall invoke the notion of

asymptotic chiral symmetry(g) and asymptotic SU(3) symmetry(lo) which is
probably a reasonable assumption when ¢t is large ( i > GeVZ). Expressing

p? 2(t) in terms of the parameters introduced through Eq.(3.4)
3

02w = Il B (0) +lhal Sy (O + fhel* £ 8

33 , 8% (3.13)
+ Ikall"fm (¢) + lkgl Soa (¢)

$70) = kol Fin () + les] $2a (9

(3.14)



the asymptotic chiral SU(3) x SU(3) symmetry can now be formulated as follows:

Liim

¢ o0

£4 ' . 4
'f)lﬂ Cé) =0 z, 3: 3, 8 (3.15)

K Sia (8 = C’Eﬁw £, 4

i (3.16)
t =20 ‘,a = 3/9
With asymptotic U{(3) symmetry, spectral function of different SU(3) components
are related (to the spectral function of electromagnetic currents) one has

‘ . = . > mﬂinu
oL f;v(*) OC"“ fer*) owaW&) ” o[;; o*e_e__k

.f-
PR t— © Tete - —» ATH

(317
where U.r 1

- denotes hadronic total cross section excluding heavy
ete” » hadrons

lepton contribution. We get (using 3.10-3.17)

T{( "= € + hadron c.,d«wm)

— = 2 4 r(ng)
T4 s+ Yt ) 4 o

Pt [ )bL.IL«r )bzll ]

(I@L [©+ ’@RIL) F1(2) + 2 Ke (3; 3&);& (z)

Whee
L Teter — hadrms o Cousband
S

(Y
|

(3.1%)
Totem — TR

A = /f/w/'2 1’"/}0/’? +//tg/2 + //?3/24‘ /k«S/’z

(3.20)
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and

2 G g ,
2 = [1- AT+ A5 _ A
R { A/Mg") ( Pt oy ) (3.21)

where A 1s the threshold for estimating the hadron continuum (usually taken
to be~1 GeV). For comparison, the charged current contribution to the hadron

continuum is given by

T (= Y + hadnoe ang,"uw) - 3¢ ,QCA'L/W) (3.22)
ML=+ /«L'+V,a) “

Single~Particle Contributions

The various single particle contribution can be obtaired from (3.11) by using
the following pole dominated forms of the various spectral functions. (The
superscript refer to the intermediate state saturating the spectral function).

The paB (¢,8 = 0,8) are evaluated by assuming the usual SU(3) breaking.

s 1 !
§I - fr = SDIYI =
2
5,5 = & Fx St )

/
The formula for  § i ) § "' is similar with FTI' -7 F,Z , M —'?m’?z el
Z 2

|

9 2
gw = mf S(‘f:* V”fz)
5—

5y ] 2 (mu £y -%97/) §(t-mst) O
o = (m(» 55 cst,) 5 (4-m)

0%, w

Sv | o= (mw fa C”B”ﬂ)(”"“ fy ‘5‘”57’)
X 8({—- 'mb'-’)
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cont.
8¢, ¢ =z 2, -1, i 2
fl\/ = 7 (mgp 7-_,('7’ La-59>/) 5 @.L- mff) 7 5 2
fﬁ[/ ¢) _ jé_ (;V77¢2:§é;1‘5k;~695v)2 é; ‘f ’Jn747€)
08 ¢
f“/ —

- :W(’W fy C"’Q’%m“’ 5’5 %)
« §(£-mp?)

We refer to Ref.(11) for the definition of various coupling constantsand mixing
parameters used in Eq. (3.23) The decay rates using {(3.23) are listed in

Table 1, where we have normalized with respect to the charged weak current

+ + -
process I~ il + yl CV() .

+ )= Gepmy F
F([ S Vc@’) _5#[(

[8u1” 1 1961”5, 2
4

(3.24)

t X ®e <.?_§é@)o(&(z)]

14 -1 -
=~ Ax 10  Sec gi-: 1, e =0
my = |8 eV, Wy=2
. z
Terms of order {515‘ } 5”“‘£ (Eﬂij,)
mg* / my
tions.

are neglected in all the equa-
yA and_@(Z) are defined previously
l,‘l.

Leptonic Branching Ratios

For practical purposes we have calculated the leptonic branching ratios as
follows [setting m_ =0]

= - _ 1
r([%“ V#)é—)" [2+5;P|+__8¥+x+5ﬂ
Mot al

(3.25)




13

V(U — € VeVy) _ { 4+ SR %(3.%)

Vtotat 2+8|P| + -—5)’+x+
V(U — € fel) { o¥ ](3'27)
Tiead 27 B+ 25¥HXt07

V KQ——? e IUJP#) = _‘12-]"([‘__5 e e'+e'—> (3.28)

where

5 - oct™ + 1ol ‘”\l)
| I ) 3e)”
¥ = (1@ + jag)®)
X = "erc S (i— t/mﬂ ) 31 (t) (3.29)
L
7= LL 5 U ) 1, )
Tmg

and

W - z
30 = 5 (1 Fa 2

(3.30)
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ong(t) are the spectral functions defined through (3.10). We emphasize that the

) - + - 4 -
parameter Y which enters in the weak contribution to the processS e e +e e , can be,
‘in principle, very different due to the different masses of the heavy bosons

. . + - + - + + + -
mediating e e -~ e e and L7+ eTe e .

IV. Remarks

After discussing methods to test the quantum numbers of the new charged heavy
lepton and calculating the decay rates in previous sections, we list here some
possible lepton schemes (in Table 2). Definite features can be used to rule

(12)

out or distinguish different models. Future experiments may Soon narrow
down the altermative possibilities. In the framework of gauge theories, it has
been speculated the "quark-lepton symmetry’ _if leptons and quarks can be
embedded in a unified framework. If this conjecture makes sense, the lepton
spectrum may shed light on the quark spectrum. Ancther interesting and vet
unsolved problem is the me/mU mass ratio. Attempts in the past to calculate
the l;ie/mu mass ratio have failed in simple renormalizable models. It gives
us hope if the actual lepton spectrum becomes known. It may be meaningful to

talk about this "symmetry of the leptons” if their spectrum can be experimentally

established.

Finally, we like to comment on the magnitudes of neutral currents. At present,
no data on the various processes {in Section II) which can test the lepton
number of the heavy lepton 1s available. No events of the kind {(i-3) of

(N

Section II are reported which are inconsistent with being background. But,
one notes that the SLAC-LBL data has uncertainty in hadron—lepton identification
and (thus) in the estimate of the background. The fact that no large cross

sections of neutral current induced processes have been seen can be inter-—

preted to say that the neutral current contribution is small. Even if small,
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it is important to look for the signals we have suggested. A few clean events.of
processes (1)—(3) in Section II would establish the non-sequential nature of the

heavy lepton and the existence of neutral currents coupling to 2" and e

The present data taken at the face value gives the following limit on neutral
current contribution:

(1) The "anomalous'" cross sectiom for u+u , Uoe + e+u_, ete being consistent
with the ratio 1:2:1 would suggest that the branching ratio for

B(L -+ u + ;u + vg) and B{i =+ e + Ge + vi) are approximately equal.
From (3.25) and (3.26), one would conclude

8[52 ‘! | 4. 1)

(2) Four charged lepton production with all lepton momentum = 0.65 GeV is not

- % .
seen at a comparable rate as the u e  cross section. But one notes

that most of the leptons are restricted by phase space and will not
satisfy the above momentum criteria. A careful search for the four charged
lepton events is needed. Lack of such events would suggest from (3.27)

and (3.28) that

5¥ ¢ 1 @2

) + : ) )
(3) The cross section of W e .events assuming one—photon cross sectlom for

charged heavy lepton pair production gives the following branching ratio(]6)
MU = € ) + 0t Yol o 047 @3
r’{z{aﬂ QKP.

If only charged currents contribute, as in the case of the sequential

heavy leptons, one finds by theoretically estimating the semi-leptonic



(17)

decay rates that

M= ‘eﬁ(“v) t vﬁ*pﬂ’*)) ~ 0. 418 (4.4)

U bt

For non-sequential charged heavy lepton decay one concludes form (3.25)

and (3.26) with the aid of (4.1) (4.3) that $Y/x can not be large.
Because of the uncertainties in the present data as well as thecretical

estimates definite conclusion can not at present be drawn.
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Figure Caption

Fig.1 (a) Charged current contribution to %~ decays
(b) Neutral current contribution to & decays.
X C + - + o+ .. o o
Fig.2 Schematic diagrams for e e > e + missing momentum + T ,0 ,@&,..
due to (a) charged heavy lepton pair decays and (b) charged hadron

pair decays

Table Captien

Table 1 Two-body decay rates of charged heavy leptons by neutral weak currents

Table 2 Classifications of lepton models.
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Table 1: 6_, 6 and £_, f are respectively the w—¢ mixing angles and coupling
constants infrodlced in Ref.1]. -
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(2a)

2 b) Vi

Fig.2
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