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Decay Properties of Heavy Leptons in the Supersymmetric 
Hodel of Weak and E. H. ,lnt<eracti-<>ns ~ 

Decay properties of heavy leptons in the SU(2)xSU(2)xU(1) super
symmetric model of weak and electomagnetic interactions are studied . 
The partial and total decay rates and the production in pp colli
sion of one of them are estimated for various values of its ma s s . 

The Investigation has been performed at he Laboratory of 
Theoretical Physics, JINR . 
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1. Introduction 

It is shown in the article/1/ that unified lepton models 

may be formulated in a supersymmetric way. The most realistic 

is the SU(2)xSU(2)xU(1) supersymmetric model. In paper/2/ quarks, 

also, are included in the model in a supersymmetric way, and it 

is shown that neutral current predictions of our model coincide 

(to within 1%) with predictions of the Weinberg-Salam (W.-S.) 

theory, in agreement with experimental data. The main differences 

between our supersymmetric model and standard w.-s. model concern 

heavier leptonic sector. Five charged heavy leptons Ei are 

predicted. One of them Ei can be identified with 17 (1,8 GeV) 

lepton. The masses of E 1 and E '3 satisfy the sum rule 

~ m1 .... ml. -= ~M (1.1) 
1 ") w 

and thus 

mt: < m:l. < Mw 

Mw < m~ < fi Mw 

Here t1Wis the mass of the light intermediate vector meson. 

E~ lepton has tbe mass 

m4 ::::: 1i Mw ... 

where /1~, is the mass of the heavy intermediate vector meson 

W'{M '>::> M ). The mass of ES is, also, of the order of Mw, 
~' w 

and, therefore, they both are not discussed here. 
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The decay mode E3 -.. W +)) is proportional to the Fermy 

coupling G rather than G 2 
and will completely dominate other 

weak decay widths, which are proportional to G2 
• 

The decay channels of E~ are richer, and they are estima

ted as functions of the mass of E!l. 

II. Heavy Leptons and Charged Current 

The charged current interacting-with the lighter intermediate 

vector meson W is/1 • 2/ 

f = V"etCHt~le + vJLtr1-illfL -+ vlfH[rJ E..._+ 2
111

,irlJ~t(1-i()f1 + 

(2 .1 ) 

-+ fm ~1 v~ (~tf+it)E'l. + f
111

11
m,_ Vtf~(HtJf1 - ~ 11

\0n8? 0A(1''t'l£3 
w vr 

e is Weinberg's angle ( '!JitJ 2(} ::: 0.25J. 

The masses of W, £t 1 f 1 , £3 l!ire determined by the formulas 

2 
M1 = 32. (oL'J.. +o£ 2 ) v :2. t -

m -= I o r:l.. I m = I o d~ I 
t "t t ' 1 ~'l 

Wl'l. + VY'I 1 = 2f1'J.. 
1 '3 v 

(2.2) 

with g = e/!iHB • Here o , 9 are gauge couplings, d..-t, d.._ arbit-
2. 4i 1 

rary parameters with dimension of mass. There are three free 

parameters 3 1 r:l..t , ~- , and we can give arbitrary mass to ~ , 
t 

E1 , E
1

• Thus our theory predicts only the sum rule (1.1) for 

masses m1 1 m3 1 Mv and the form of interactions with intermediate 

vector mesons (charged and neutral). 

Identifying E1 with 1: lepton (~'\ = m~: := 1,8 GeV) one 

obtains good agreement with experimental data/31. 
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III. Leptonic Decays of E:l 

Leptinic decay channels of E:l can be divided into two groups 

1. wi tb neutrino )10 

E 1 - e Ve Y0 , fJ. V,... Y0 , "'C Vr Y0 

2. with neutrino yi. 

E i - e \i e Yi ' 14 v,... ~ 1:~~ 
The widths of these decays are determined by the diagram 

'I v, 

~~ 2 · 

where 

[ = { Yof"'(Ht )f:l , 
1tJ- - E 

ytt rf4 u .. ,t) 1 , 

~ -: VL yf4 u -i(f )l 
L denotese, }i or -r; 

The answer is 

r(E1 ~ tv v ) = ~,,,18 r 
( . -

r(E ...:;.l--· )- ....... ; r. 
1 )If.. yi - i Ma. + 

r.r 

for group 1. 

for group 2. 

r = r: WI• r !! _ §.. _..;. _ ".E..1. -+ 6,y _ 6y ... ~,. _ ~2. + 
- 0 1 X 3 X 2. X x 41 )(' 2 X x"~ X 3 

(3.1) 

(3.2) 

~2. 2. .2 u3 6 ~') ~ 2y3 .H>( )( f 1 flv 3:t1 
.. ,J. + _oJ_ + - - - - ., ... 1-:J - -- + ::::.!! - - + (3 3) x x"~ x3 x2 x"~ x3 x x'J. • 

+ 'i-'L ) (,., ~ 
X -t- X 

+ i2.'il'-(1-x)(f-~)ln ~ J 
x2. oJ 
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r: = r.m:[12
1

_i2._ 2:. _1~ + (y _ 6y + Gy'-_ (yl+ 1.2,y\ 
x x x x" x2. x x'~ x3 x 

:l:J3 (yl 1.2yl J ./ y1 y3 y3 ylt 
+ ---.; + -;;; - - + 12(C~-J)( ~ - ~l)-- + - - - f. - )• x lC x:a. x, x x1 ~2. x xJ 

.t. 1->e + 1!l. (-h.- .Y. -+ 2';.. y2. ) ~:1.-&..!. J 
i-j X X )( l( 3 y 

(3.4) 

where 2 > 
[ 

_ G (Gev) _ 
347 10

to _1 r11; m~ 
• - "'!J" :J - • • sec , x = _ , v = .....!!.. 

-, ,dT M 2. J M 2. 
w w andl11l.is in GeV. 

Form >-.10 GeV and 11 = 74 GeV the corrections due to masses 2.- w 
ore,}'- , "C are negligible (for'(;~ 1%) and setting Wit.= 0 one 

obtains c = r; = r 
r = [ m![1!l.- i.- _g + 1l(.i _j_ )6,{1-x)] (3.5) 

o 1 x3 x2. x x'~ x3 

Note that a "normal" lepton N of the mass m2. with v- A cur

rent VJJ.(1-i(;") N and withei-'N universality would have a lepto

nic decay width equal to f" 

r(N~lvt.v)=r (3.6) 

IV. Semihadronic Decays 

Consider a decay of the type L- )I(V')+~ 
)I ( vc) 

~ 

Here r::. y r/'{(1-l(f) L • r;. ::. yc !'"( f + ifS) L • L .is a 

heavy lepton,~ can be rr,p, K, .... It is easy to verify that 

the width of this process is irrelative to the sign of J!i in f"t • 
Indeed 

6 

IMI!l.,... spr p2.yt£r1:t.'-ts>c~ 1-Mlt(tti,rf'>J~,.cr""'" 

""Sp[(Hit">P.r/'{o tV]a a = Sp(P.t~SoV)~ a 
2. It o i'fA- rv 'l. I i fA ~"v • 

This means that the widths of E 1 ~Yo~ I v1 ~ 
with one of N ("normal")+ )I ~ as follows 

are associated 

r(f1 --V0 ~) = ~~i~~~g r(N ~ v~). 

r ( E2 - 'Y1 ~) = ~ r ( N ~ v ~) . 
lMw 

Let us list the known values of f(N..:;y~) /4/ 

f{N~-vfT) = 6.4•10 10 M3 (i-M~/M2 )~ sec-1 

r(N-vl<) = 0.46•f0'~0 r?(i-M~IM1 )2 5ec- 1 

f(N ~fV) == 18 •10i0 M3(t_-M:!M'Jf(1. +'J.M;tM'l.) ~ec-1 

r(N_,I<•'J) = 1. :1.9 •10~0 {1 3( 1- !1:./M')'"( i d.M:./ t12.) sec-t 

r(N-.A 1 v) = 3S..2 -10 40 M3(1-f1!/M~fLU + 2-M:i I M ').) 5ec 1 

r( N ~ Q v) = 0. t7 • 1010 11 Y1- M~ I M2 
)
1 

( 1 + :2.M~ I M2.) sec-t 

(4 .1) 

(4.2) 

Everywhere in this section ~2 in the propagator of W meson 

is neglected because ~2.~ (1 GeV) 2 • 
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Hadron Continuum 

If m
2 

""? 10 GeV one canno t neglect ~2. i n t he propagator 

of the intermedi ate vector meson. \Vi th due regard of this, one 

obtains 
r(N~'Vt~Q.d-\On a,t.)= r,M,.L[<4-3x)U-y) + 

x'- x 

+1.-~'l. + ({i;x> t.n ~ + c(-yJ(2-3x-tx3) J F 
x 1 -~x U-x)(1-JX)x ~ 

where M'J. /\'2. 
X = t\~ ' ~ = M'l. ' 

l . 2. 
A "'(1 Gev) 

' 

(~. 3 ) 

F - number of flavors of relevant quarks. For X ~ 0 this 

formula co i ncides with the one of / 4/ and for ':J ._. 0 

r(N..:rv. ~Q.J. umt. ) = F r/2, 

where r is the function (3.5). 

In conclusions J present the partial and t otal decay rates 

of E2. for two values of ml (Table I). 

v. El+ E; -Pair Production in P P Collision 

Here we discuss the Drell-Yan/5/ production mechanism of 

superheavy leptons. According t _o a common belief lepton pairs 

l
~ -

are produced by a quark-~tiquark pair annihilation into l 
through photon. Other quarks fragment into hadrons: 

t'J:r 
p~ ~ 
~ . <!. 

p 
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Table 1 

Predicted widths a nd branching ratios for E2 

m2. = 7,4 GeV 

Lifetime of E2 1,6 x 10-16 sec 

Lifetime of 
"normal"lepton N 1 ,5 

rc Ea.- v,+ X) 
rCE,_-.'11.-+X) 2 

r(E'a ... "Yo•X) 

r(N_.v•X) 0.5 

width in brenching 
decay mode of E2 sec-1 ratios 

E2 ~ l v~, 'Vo 3,85x1014 6,3% 

v. rr 1,3x1o13 0,2% 

v.K 0,9x1012 <0,1% 

'J.? 3, 7x10 13 0,6% 

)/ k" 2,6x1012 <0,1% 
0 

0 9 7x1o14 
Y. At 1,1% 

"·a 1,6x1o12 <0,1% 
V

0 
+ hadron 7,7x1o14 12,5% 
continuum 

X denote cl, Y',) I rr, K, ... 
t is e, f' ' 't' 

Wl.l = 37 GeV 

0,4 x 10-19 sec 

11/8 

7/4 

0.5 

width
1
in branching 

sec- ratios 

28,4x1o17 6,1% 
3,2x1o15 

2,3x1o14 

9,1 x1 015 

6,5x1o14 

1 ,8x10 16 

3,9x1014 

85,2x1o17 18,1% 

---- ' -- ---

"normal" lepton N is a charged lepton with V-A current and 

with mass m.l. 

But at very high dilepton masses the important process is the 

annihilation of quark-antiquark through intermadiate neutral vec

tor boson 2:. Thus the quark-antiquark annihilation into lepton 

pair is determined by two diagrams: 
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K t 
-t-

'\. e-

~ et 

~r 
The erose section of this process is 

a-: 4tr'-\,2.(1+~)-30fl2.(4.+,){ctt1)(1r.2rn2.)+ f'" It 

:3a"" , Q~~. ' 1_11 21a'J. a:l (-t-t~-~2/Q,)'-

:2 :l 2. m-1.1( 4m'2.)-i./2 ·x( 'f(thC1 )(c2-+d'"){1+- Q~ )+~'tal(c 1+r:J ) a2. J 1- Q:t , 

(5.1 ) 

where ~ is the charge of the quarks; m,t1, a are the masses of 

lepton, ~ -boson, and lepton pair, reap. Here we have assumed 

that the lepton and quark currents interacting with ~ boson 

have the form: 

Jt = ~ ( a.l!'YHt)l + / [/tJ(f+t/~)e) 

f =- ~(ci((1-it)~ +cLitN+.:.ff}~) 
~ 

with ~ "!: ~ e ( l have unit charge e ). For E ~ lepton 

~ :: (2Slttf) (()-') ()) -i 

a..= 1~~.2.& f=(-j+~tl'l 2 (}) 

(5.2) 

(5.3) 

The values C 1 d. for quarks are as in the GIM model. Now the 

modified Drell-Yan erose section at zero rapidity for E 
2 

lep

ton pair looks as follows: 

10 

d~ J = ~\[c!:Lu.~"'1>tO.OLt(1•~"" 1)({- M
1
)-1 

aa1cJ~ ~=o 9a"' s til. a1 at + 

m'l. M'l. .2. :J 1 2 ,_ (5.4) 
+(0.20-0.15'

11
2. )(1-

0
1 r 1{14CJi!l•S(.Ifl)

1 -t-[4.<1+ lt11 )-0.01(1+ ~ )• "' s a · a1 

.(1-~l/ +co.2.o-o.2.o ; 1
){1- ~,_r'" J(cJ(m+sc~&n"· s.:lrrc>HC-t-lf"t/'1 

a Q Q a 

where R = fl//S and u., d, S are the parton-quark densities 

g iven by the formulas/6/ 

u.(x) = 1.t9(1-xJ 3 (1+.2,3x) 
.ff 

d(x)::. -1.0] {1-x).J'
1 

rx 
S(x) = 0, 3'1 {1-x)

9 

X 

(5. 5) 

ot..cr / I have estimated the value S~d 
11 

for JS/2 .= 260 GeV, 
clv~ 'f ~ .. o 

m,_-::: 7.4 and m:l.::. 37 GeV at various values of Q • For the mass 

m.t:7,4 GeV. nonelectromagnetic terms in (5.4) are small. For 
. .lJi '-)-A m1 : 37 GeV the terms proportional to(i-ntQ · are also important. 

The function sr:/~lfci':J for m,_ = 7,4 GeV, and ~ ~ 10 GeV 

has maximum at ~ ::: 8,6 GeV. 

ma~.lC s do- I cJffdlj '1-.:o:::: 0.~114( 

The same function for }L+~- -pair production at 

has the value 

s ria- ~~·r -:::: O,Q8,.,t 
d/tol'j 'J"-0 

II 

0 - 8.6 GeV 
~ -



That is both of them are of the same order. This is true also 
+E-for higher values of a . Thus we conclude that E2 2 in 

- + - + -p p collisions are produced as many as f f , "Z:" 7: and 

the number of simultaneous fe events exceeds by about 70%-80% 

that one expected from ~ decay. 

For rn
2

:: 37 GeV. I have estimated the function S o{ fr i for 

Q in the interval d/frJ.y Y,=O 

76 GeV :!5 Q ~ 90 GeV < f1 

that is below the threshold of ~ boson. The results are 

summarized in table 2. For Q ""' 90 GeV 

s cJo- I 
~LJ e;e; 
sclcr 1 

r)lfriy !"'/'·-

Table 2 

1 
"' "ff_ 

Q in GeV 
sdrr IE;£; 

c:/{fr.i~ J=O in f'b 

Here 

76 

78 

80 

8),2 

90 

2 X 10-) 

2,8 X 10-) 

3,5 X 1Q-) 

5,1 X 10-) 

1),8 X 10-J 

sdrr ~~£;. 
A~ cJ.fCdJ 

sc/o-lt4+~
oi/C dj 

12 

A 

0.25 

0.)4 

0.38 

0.44 

0.46 

at j;;;; 0, 

\ 

and f 2+ [ 2- production probably is dete~table as well. Thus, 

super-heavy leptons can be detected (if they exist) in p p 
collisionsat energies available in the near future. 
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